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Contteow Rear, 
Mong ib other Treatiſes of thi deceaſed 
 Amphor, of which, in their due time, we 
intend 10 make thee partaker, we have, 
in the firſt place, made choice of thts, as 
well in ſome meaſure to keep our word 
with thee, as alſo to ſtay thy expettation 
#1, ings can be made ready. We intend nos to ſpend 
ity cither in the commendation of It or the Author, being 
fl «(ſwred that our words will not, where the matter it ſelf is : 
| apable to, ſatyfiethercin the judicious Reader, Onely 1 w—_— 
8/2) thus much, that theugh the generall $ubjet? of 2b Book = 
Wa Dialling, get "tis hanaled in a way which noman whoſoever  3& 
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that we know of, hath hitherto fully rraced. For by it thouwilt 
ſee, that the repreſenting the true Houre by the ſhadow made 
by the Ax of the Warld is but one of thoſe infinite wayes 
which may be invented, and that it s a poſſible to do the 
ſame thing by th? Sel of the Axis of one of the vertical 
Chrcles, and by: the projection of one Ellipſis upon 4 plain, ſup- 
OP 25 "F place of all th: Parallels comprehended within the Tro- 
Mo picks, Tis truey Air MryN off Ffeeard, 4 /carned Mathema- 
tician, we think y: t Pruifeg 7 7 ce, hath ſome yeers ſince 


publiſh:d a ſhort Treatiſe in tÞat it Language, in which he ſhew- 


«th by the projettion of an Ellipſis upon the plain of the Hori- 
Zon, andby the help of ax Met moveable flile to finae the 
Heure and Azimuth, with ſome "nber wſes of the ſame, But 
this Treatiſe of our Author is very different from that, and 
moſt of the things here handled, ſuc as "EL not 4 liable 10 
bs, and in themſelves wholly new. | ; A 
Tnthe next place, if it fhall ſeem ſtrange to any th Wu 
ether things, as well of this , as of diffcrent matutves , "which 
we intend ſhortly to Publiſh , we begin firſt. with this of 
Dialling (a Subjet upon which ſomething 100 hath Ml ws 
been publifhed by our Author, and from whence ſome ; CN 
perhaps take occaſion tocarp at him, as either unable for 0 \ 
things, or too much buſied in this) we deſire them firſt i co 
der how difficult this Subject hath been thing ht by the 4 
Ents, and-withalt what Ts Polumes have been writ by [ 
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# I beſt raxk of later Mathemaricians, (ſuch were Cla-. 
vius, Maigran, «nd others) and then compare their wayes 
with what they ſhall here and hereafter (God willing) finde 
in our Author, and we doubt not, but they will be forcedto yield 
himithis honour 8 have made that Art,in all the Caſes of it,and 
all Circumflances thereunts belonging, more eaſie and expedite 
beth in the Underſtanding and Prattice, and with much more 


brevity than any that have gone before him either of our own 
or other Nations. 


Laſtly, we advertize thee (Reader) that our Anthour, in 
regard of his great and long infirmities, could not fit either 
this, or any other of his Treatiſes for the Preſſe, as he deſired 


and intended; and therefore they muſt needs want much of 
that accompliſhment which otherwiſe they would bave has. 
But we hope, notwithſtanding, thou wilt fizde ſo much of worth 
in them z they now are, whereby thou wilt judge them (as we 
do):futger to be made publick, then wholly ſappreſſed. 


John T'wyſden, 
Edmund W ingate, 


ERRAMATMA 


Mace 85. line 11. for Pag. 81. read Pag-70, There are divers 0- 
_ Mer literal! faults, but this is moſt materiall. 
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of the Elliptical Daal, wheſa Index Sth perpendicular 1 
the plain : How to draw and aiviae the Ellipfts 
mpon an Horizontal plain, or any other plain © 
that declineth. not, 


S Ec the two right lines B C and AD, cur exch E 
Y other at right angles in A. Then making 
<2 A Cor AB as a Radius, let A D be the. 
Right Sine of the Poles elevation above 
the plain ; and make- up the Rectanglcd 
Parallelo ramBEFC,: andcontinucit further.to G and H. : 
2. Divide the Radius A C into the Sincs of 15, 39,.45, 
+60, 75 £r.at 4b cd e, which ſtand, for the ſix cquall Tioures: | 
4 dthat A 4 may, be the Sineof one houte, A bof two houres, 
5c of *ramy houres, A a, A cof four and ve houres.- And. 4 
4 _ IR» . 
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in theſame ſort divide the cther lines which are equall ro 
A C,namely DF, AB,DE, into-the ſame parts, ar « 6 c 
de, and at /mnop: and draw the parallel lines 4 a, b6, 
ere ll, mm, oc. 

 Thentaking AD, orCF, orBE, for a Radius, ſet on 
again the Sines of the fix cquall houres from Band C, ar 
f @ hi k, andas many as hall be ncedfull on the other fide, 
at Tf. : and draw the parallel lines ff, g g, &c. and q 4, 
rr, Oc. | 

"Theſe lincs thus crofling one another will make {mall Pa- 

rallclograms, which will ſhew both where the Ellipfis is to. 
be drawn, and where tobe divided, For, 
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3. Firſt, If a curved linc be begunat D or 12, and car- . 
ried both wayes diagonally through the ſucceeding Paral- + 
lclograms, the ſame line ſhall be the Ellipſis required. Thug” _ 
you ſee it carried from Dto 11, from 11 to 10, from uP'” 
: Wh. 
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ro 9, and ſo through the ſucceſſive oppoſite angles of the 
following. Parallclograms, at 8, 7, 6,5,4, 3+ And on the 
other ſide in the ſame manner, from D, diagonally through 


1,2,3,4,5,6, 7,8,9. This linc thus regularly defcribed. 


without angles, and extrayagant inordinate flexures, is the 
Ellipſis here intended, 

Secondly, If from the center A, through each of the 
angular points in the ſmall Parallelograms, certain ſhort 


lines be drawn,(as in the figure you ſee done ar 11, 10, 9, 


{ 


fite horary divifionsof the Elliptical line. | 

. If theſe diviſions into fiagle houres ſhall nor be c- 
nough, but that more exactneſle 15 required, into halvesand 
quarters ; then muſt you (befides the Sines of whole houres 
at 4, b, &c. 1, m, &c.) put in the right Sines of thein- 


e&c. andat 1, 2, 3, &c.) theſamelines ſhall be therequi- 


cermediate halves and quarters of the equall houres, which 


will be cafte ro do by the former direQions. 
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| Tangents of the Suns decli— 


Febro. | March ) Aprill 
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Of the Elliptical Dial , where the Index 

 Ranas perpendicular tothe Plain: How 10 
draw it for an Horizontal Plain, or any 
other F lain that declineth nor. 


DAQ> Ecauſc here is no declination ſuppoſed , there- 
YD forethe draught will be the more caſie, 
D 1. Make B C forthe longer Diameter of. 
& your Ellipfis, aud count one halfe of ic,that is 
SW" ABor AC as the Radius, and through the 
point A,draw an infiniceline(as DE) at right angles ro B C. 
Then for the ſhorter Diameter, you mult conſider theeleva- 
tion of the Pole above yourplain. Looke therefore ro make 
A Dor A Ecquall to the Sine of the Poles elevation , which 
Sine muſt be eftimated to the Radius A B. Thus you have 
the rwo extream diameters. |  Þ 
2. Throughrhe four points D BE C you may deſcribe =# 
the Ellipſis, cither by Elliptical Compaſſes, or by finding #9 
many points through which it is ro paſſe : for effeing 
which there are multirudes of wayes preſcribed, 
One may be this. Deſcribe rwo Circles upon the two 
extream Diameters B Cand DE. Divide them both into 
any like parts, as BfhnpqC, andVikEorX; and from 
each couple of thoſe like diviſions (as f and i) draw fg 
z g,(the firſt parallel ro A », the ſecond parallel ro AB) cut- 
ting cach other at righrangles ing, ſo the point g ſhall be 
one of the points through which the Ellipſis is tobede- 
ſcribed. In the ſame manner, from 4 and # muſt be drawn 


rwo = 
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” phe atigles wich arexwoother points 
of pafſagef pfis. Afﬀeer this mannermay theother 
halfeBD Che deſcribed. 


How to divide the Ellipfic into es requiſite parts. 


\ If the parts Bfhupqc worell, equall, and 12 of 
' chondinnaniberychre would the - &c.\be the 
7 houre points, _ rig if thoſe rs 

\ divided into ec al otves nA ers, &C. —_ puld be 
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Sp lincs iſſuing out of f þ p q, drawn parallel ro 


dt e Ellipſis be firſt drawn, rhen the exteriour Circle | 


Uipfis : or, where theſe'lincs cur it 


more obliquely (asit g #nd 7, ee-)rhere the leffer: Circles 


cquall parrs (at # and z#, &c. )* willcutthe ſame Ellipfis at. 


more right angles, ſo that one of them may help the orhet 
in this divifion. 
2. Or, If the quadrants B»C, or ViE X (or of any 
other Circle deſcribed upon the center A) were divided into 
Horizonrall Spaces, ſuch as are proper forehis Diall (as you 


ſeethem done upon the quadrants B y Cy.and a Ruler laid. 


from the center A did transfer thoſe diyzſaons into the El- 
lipfis (as is done upon that halfe of ic wkych is noted witch 
BDC) this diviſion would be the ſame wigh the former, 


The. proportion whereby to makethe Tabſeof Horizon- 


rall Spaces for this Ellipfis, is inverſeto that which. 


is for common Horizontall Dials :th 


As the Sine of the Poles clevation above thEplain, 
Ts to the Radius; | 
Sois the Tangent of 15 gr. 30, 45, &c. 

To the Tangent of the ſpaces of every houre 


from 12, _ the plain whereon the Eflipfis- 


is deſcribe 


And' according to theſe ſpaces muſt every houre: 


beſeton from »-or y towards: B or C. 


How to make the Zodiac, or dayes of the yeare , whereby the 
Ellipſis and Index are tobe ſet in a right poſition, that 
they may-daily ſand true. to fhew the houre, © 
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uſe, is lefr ro every mans choiſe, Burin both cheſe-it is re- | 
quired that the declinations due to, the Signes'ot Dayes be 
known, becauſe theſe are to be inſcribed by-them. So thar- 
now.it only remains to be ſhewed-whar kinde of Scale thar, 
muſt be, out of which the foreſaid Declinations are tobe 

raken. . EE 4 
In generall, the Scale muſt be a Scale of Naturall Tan- - 
gents. 
In particu 


lag; there are theſe rwo Rules , ene of which 
will with due eonvenience ſerve for all kindes of Larticudes, 
or elevations. You may uſe which is moſt ſutable ro your 
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The firſt for preat Latitudes.: "Make the leſſer ſenudia- 


» «tf ©. 8 
ET 3 4h 


Q ls + Le 
ys FS BAT. 
F > I + & W 2, 5 is SES 
4 Ef 4 - EEO 8 


ameacAD orA a ——_— the Poles elevation  þ 


. ER 4 4 0. OTH _ % \y Eo % . ers LW Oy. x X ITY | 5 68> 75 2 be nat q 
- ati ro tt by L TT ” F Se ah ts ol 
= - %. 3 F " - 67 N jp 
P . y . «Mq , "" 5 0 \ lhe 
4 ("REEM LB, 5 HE” we HP . 
RR, ot ne ge Pee 
\ REF Ie fo £ "a> Se 
ck at "Ck 
- M þ th 
_— __—— I In I aaa co oe” Y Lad 
A. 
« 
; 0 ®. CY F 
a g 
"1 i 4 


 aboyerheplain; and that Scaleis the Scaleof Tangents our 
wn bog che Declinations (before memiioned) muſt be 
FAKen., "i | 5 Ha = Th 

The ſecond for leſſer. Lagixudes: - To the Radius B A, 
finde the Co-fine of the plains laticude or clexation ; and 
make that Co-fine a Radius, or Tangent of 45 gr. and this 
will be the fame Scale with the formers. 


By theſe wayesthe Declinations of theſe yrro Tables (one 
for the Signes, the other for this Dayes of the 
Moneths) may be inſerted from_ghe EquinoRiall 
line, or middle of the Scale, by the graduations 
of ſuch a Tangent lineas is before mentioned. 


(S5gnes- Dee in. \Signes. 
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25]21 12; T2 


X 0,20: 7356 
filg $j25 


FF. 's 48/20 
15/16 2415 


6 by 4 fi 2 6 . 5 : : i ; 
p , = - ] = * Fo 2 [ £ 4 : 
TOROCLOGIOGRAPH Y. 
how —— — "Y 


"02" DAR 
5 TOfay 521 3300s 
[T 47] 10/120 41 10 
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19 0 Ang. 514 1 Nove-5|18 40 
20 6, 10/112 24 1oſfrg9 51, 
a 4 15]/10 42 Igj20 5 
21 53 20] 8 56 20|2T 47 
22 22 25-7 7 25/22 3O 
23 6] gi] 4 52] 30j23 2 
2 3 24/Septe. 5| 2 56 Dece. F123 22 
23 31 z0f 3 © 20123 I 
23 28 15}/4 57, 15(23 28 


23 24 20|2 55 20]33 21 
132 yo] nn 990 
22 17 20] 6 46! 3121 58 


Ox if ir be required rather to ſer them on by a. Decimal 
Scalp equally. divided, then muſt the Tangents of. theſe De- 
lint chetons ber ſpecified) be uſed; and: the Decimal Scale 
equal rothe. Co-fine of the plains Latitude , which. 
Cote met belimtedro B A, the greater Radius of the- 
Iplis. And: for [ purpoſe here are two Tables mote. 
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Another way to deſcribe and divide the [ewe 
Zodiac, or Scale of Moneths, 


- The former deſcriptions do ſuppoſe that the yearly u 
of the Sun's ro be ſet in a ſtreighr Scale, in which-thepare 
ncereſt tothe'rwo Tropicks will be. exceeding cloſe toge- 
thet; and'thoſe' 3r the AquinoRiall or middle part of the | 
| Scatewill be wide. Bur if it ſhall betrer be liked thar FE | 
parts ſhould ſtand diſtinly one fro or nn devient ic wilt 
be moſt expedient, Firſt, r6/limitButthe whole 164 
_ the Scale: then upon that length (asadiamerer) ro deſcribe 
a Giele, and to divideitas is FROe under: ſhewed. 
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"How to divide the Annuall Circle into, Ws 
+ requiſite parts,” © 
You are Arſt ro divide the Circle (ir ſelfe, or one e equal | 

 roit) into 360 equall degrees, and by chem ro divide the 
faid Circleinto ſuch unequall parts as the numbers of de- 
grees and apeaiingt inthe Tables-will require. The 
mw Tables are.the Right Aſcenſions of ſuch parts of the 
—_— as are:Que to the Suns place or Declination, in any 
NJ of the Signes,: or of any dayes of the 12 monerhs. The 
24 Tables are feed placed. The manner of dividins the Circle 

F is the ſame with a Erlike thingsof this kinde. 
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_ The beginning of the equall parts or da 2. 
upon that middle Diameter of the Circle, w 
rothe two fix aclock lines, or perpendicular 
a clock line. - 5*M 

The beſt manner of dividing the Circle is as i 
ceding figure, eſpecially if the fiduciall Circle be 
wich ſmall divifions; that ſo the interſeQtions mai 

' morediſcernable, and the Circle morediſtinguiſh 
_  thereſt; and morecleere from miſtakes. ' 


Concerning the Index. 


The "ly muſt ftand perpendicular to the plaia , and 
mult, according to the time of the year, be neerer or furcher , 
from the Elbpfis. "i 
Now, Whether the Index-ſhould move upon the plate 
ying fjN, or the clliprical plate-move rowards the Index 
ypon another plaze, muſt bs left ro cyery mags judge- * 
mencaadbeſ lkingeJur the mover with-its money = , 
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Hororocio0GRAPHY. 


M (called hereche Zodiacall Index) muſt move according to 

"34 chelengrh of the plains Meridian line, cither in it, or paral- 

IF 1cl to it, alwayecs ſo thac the fiduciall edge of the Dials In- 
\ dex may ever ſtand inthe Meridian line. 

Bur if to this Ellipticall Diall ic be thought fir to joynan 
ordinary Horizontal Dial(firted to the Elevation of the Pole 
above the plain) that ſo ir may ſer it ſelfe rrue Northand 

= South, which by this double kinde of Diall ic will do; for 
2% rhe houresin both Dials will ncver agreeto be the ſame till 
*zit ſtand righc, and the beſt time for ſctring ir, 15 when the 

4 Sun isin the Eaſt or Weft Azimuth , the worſt time is ar 

' 4 Noon: then the common Horizontal Dial may be the 
== ſtanding plate, the Index of the Ellipſis being fixedto ir, 

8 the clliprical plate may move too and fo upon the horizon- 


38 ral fixed plate, according to the graduations of the Zodiac. | 


bes 


Of the place for the Suns Annual courſe or Zodiac. 


Whichſoever of the two(the Ellipſis or Index) is move- 
able or fixed, it matters not. In both wayes it. ts ncceflary 
co ſerthe Zodiac right, which muſt thus be done, 

Let the fiduciall edge of the IndexbeplacedexaQly in 

2 the centerot the Ellipſis. And being there {er , ler the place 
23T of tht line or threed (or whatever it bethat ſerves for the 
FF Zodiacall Index)be marked uponthe ſtanding plate. . Then. 
WF through that mark or point draw a ſtreight line parallel ro 
the line of che two fixcs, or perpendicular to the line of 
'twelve. The ſame linc is to be eſteemed for the Aquino. 
Qiall: and from thence ate allthe parts of the Scalc (or Cir- 
cle) to be inſctibed by help of the former Tables, . 
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' Eliiprical, or Asimuthal, 
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The Uſes of the Elliptical Dial. 


The Index and Ellipfis being uſed alone, and ſet rotheir 
rrue dittance, by the help of the Zodiac , the Ellipfis it ſelfe 
with ics upright Index, will ſhew the true houre of the day. 

Bur it is ſuppoſed hirherro, that the plain be cither dire, 
looking full North or South, orelſec Horizontal: and in 
every iuchplain,there muſt be drawa the Meridian line of the 
place or plain, which in dire flats are oneand the ſame. And 
according to the Coaſt of this Meridian line muſt che moving. 

or ſliding be , as alſo the line of 12 upon the Ellipſis mu 
| lie inorparallel co ir. 


This way therefore requires, firſt, a Meridian lineto be 

drawn, whereby to place the Elliplis. And in all 
dire plains'the Meridian line 1s the ſame wichthe 
Vertical line of the plain. 


But if ro this Elliptical Dial, be adjoyncd a common Ho- 
rizontal Dial with an Axis, then there needs no finding of 
a Meridian line before hand, becauſe they two berwixtthem 
will finde one, and conſequently will place themfelves in a 
zrue poſition, Only with this proviſo, thar it the pſzin be 
not Horizontal,it muſt yetbe ſuchas looketh direMly North 
or South. This was intimated before, 


There may othey uſes be made of it, if it have other 
Scales adjoynta to the Zodiac. 


1. If a Tangent line of 233gy. be inſcribed according to 
the length of the Zodiac, then when the {ituation of the 
Ellipfis rothe Index is firted, the Zodiacal Index will ſhew 


. 
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(upon this Tavgenr Scale) the Suns Declination. 
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HorRroLOGIOGRAPHY. 


2. Inthe 11 page there aretwo Rules given whereby to 
finde that Scale of Tangents our of which the Zodiacal 


| Scale is to be divided. It then out of that Scale of Tan- 


gents {© found and limited , you take the Co-tangent of 
our Laticude, and divide that length as a Radius or whole 
line of Sinecs into houres and parts of houres , and pur in {o 
many of them as will reach the Suns greateſt Deglination, 
or the length of the Zodiac both wayes from the Equino- 
Riall; thenthe former reRification of rhe Zodiacal Index to 
the day of the moneth or Suns place, will pertely ſhew 
(in this Scale, and for that Latitude ro which all the work is 
made) the Aſcenſtonal difference, with what depends there- 
on: namely, the length of the Day and Night, and the time 

of Sun Riſing and Setting. | 
3- The Dial being fixed ina true poſition , the Place or 


Coaſt of the Sun riſing and ſertiug upon the plain , may be 


diſcerned in the heavens. For when the Ellipſis is reQiifi- 
ed,and the time of the Sun rifing or ſetting is known (3s be- 
fore) then with your eye proje-the fiduciall edge of rhe 


upright Index upon that time of Sunrifing or ſetting counted 


in the Ellipfis, and the ſame edge will ſhew in the heavens 
whereabour the Sunwill aſcend or deſcend upon the plain. 
T haris, it ſhews the Amplirude of Sun riſing upon the plain: 


1, Nore, That ifthe plain be Hotizontalf; then the two 
laſt Uſes ſerve forthe phice where a man lives. Buc 
it rhe plam be not Horizontal, cher: it ferves nor for 
the place, bur is proper rothe plain it ſelfe, or ro tha: 
Horizon or Latitude which the plain repreſents, #c- 

_ cordingas they are ſer down in the former Rules: be- 

' cauſethingsare done to the plains Laritade, and nor 

eo the places. 


D 2 . 2. Note 


Elliptical, or Aximuthal, 


2. Note again, that if upon plainsrhart are not Horizontal, 
ou would yet have them (to ſhew the ſecond of : 


_ theſe laſt preceding concluſions, namely,) to ſhew 
the time of Sun riſing or ſetting tor the place in 
which you are,and not for the plains, then muſt you 
rake (not the Co-tangent of the plains Latitude, bur) 
the Co-rangent of the Latitude of the place , juſt as 


you did in the Horizontall plain , and thenthe Zodj- 6. 


acal Index being reified will efte the thing requi- 
red for the place , and not for the plain. 


3. Note, that both in the Horizontal and the other plains, 
there may bea peculiar Scale pur, either for the Am- 
plirude proper tothole plains, orelſe for the Amnpli- 
rude proper to the place, if a Table of Amplirtudes 
be computed for cither of them, by this proportion. 


As the Radius, 
rothe Sineof 1, 2, 3,&c..0r 5,10, 15, &c. degr. 
of Amplicude, 
Sothe Co-fine of the poles ele vation, 
To the Sine of the competent declination : 


And then by the ſaid competent declination (taken 
| inthe Scale of Tangents of 23; equal ro the halfe 
Zodiac) the forenamed Amplirudes be inſcribed. Or 
having the Declinations,you may look out their Tan- 
gents in the Canen , by which Tangents the ſaid 
Amplitudes may be inferred with help of the Deci- 
mall Scale made tothe. Co-fine of the plains Lati- 
_ rude, as was before mentioned... 


The Amplitudes proper tothe plainare of no orear uſe, 


unleſſe - 


—_—_— 


HoroLoOGIOGRAPHY. 


unleſſe the plain do juſtly repreſent the Horizon of ſome 
known place, whoſe Amplitude you delire to be acquainted 
withall. 1 havetherefore here added a particular Table be- 
longing tothe Latitude of London 51 gr. 30 iy, that by it 
theſaid Amplicudes may be inſerted into luch dire Recli- 
ners and Inclinersas ſhall any way ſtandin the ſaid Latitude. 


4 Tableof Amplitudes,with their anſwerable Declinations,. 
for the Latitude of 51 gr. 39 min. 


A. | Declin = Declix. | A. | Declin. | A. | Decli® 
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Another Tabie of Amplitudes, with the Tangezts of their. 
anſ1 werable Declinations, for the Latitude of 51 gr, 30 mi. 


A. Tan. | A.\| Tax. | A. «| A.} T an. 
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1|o0109| Ill1196..21 | 2289 | 31 | 3385 
| 2 [0217 | 12 |1305 [22 |2398 | 33 | 3495 
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_ Sofarof this Elliprical Dial, as it is to be deſcribed upon 
any dire& plain which lies under the ſame Meridian with 
the Meridian of the place, and winch declineth not from It, 
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How to frame the Eiliptical Dial to other 
Plains which are not dire but declining : 
To an Index that Jeandeth POO 
to the plain, 


fe T is not here tobe enquired whe the plain de- 
2M [&& clining, be cre& or leaning, for onerule ſerves 
both theſe kindes. Bur then it muſt firſt be ſup- 
poſed , thar the plains ſituation is in all refpods 
es hi, how muchand which way it declines and reclines 
or inclines. 

Secondly, Theſe three things muſt further be found 
(cither by calculation or otherwiſc)namely, 


x. The Poles elevation above the plain, 
2. The plains difference of Longitude, 
3- The departure of the ſubſtylar (which # the plains 
proper Meridian) from the Vertical line of the plain. 


Theſe are pre-requiſites to that which comes afrer , in 
which you muſt proceed by the following directions. 


| ow 


— - ww 


How to limit and draw the Ellipſis. 


Having the ſubſtylar or proper Meridian drawn upon the 
lain, in its true poſttion, and alſo knowing the clevarion of 
the Pole above theplain,you may, upon the ſubſtylar line, fer 
our your ſhorter diameter, and on'a line drawn perpendicular 
thereto , you may ſet off the longer diameter, in this pro- 
portion: Ler the Jonger Diameter be as the Radius, rhe 
ſhorter as the Sine of the plains Latitude raken to the ſame 
Radius. Or, the longer ſemidiameter may be the Radius, 
and the ſhorter ſemidiameter muſt then be the Sine of the 
elevation of the Pole above the plain. 

Upon theſc two extream diameters thus limited, may the 
Ellipſis be deſcribed with Elliptical Compaſſes. Or other- 
wiſe it may be doneby two Circles , the one circumſcribed, 
the other inſcribed, borh divided intolike parts, and ſo points 
found through which theEllipſis is to palle, as in the for- 
mer dire&t plains was preſcribed , and through thoſe points 
the Elliplis may, witha ſtedtaſt hand be deſcribed. In right 
Horizons or Polar pains there will be no Ellipfis at all , bur 
it vaniſherh into a ſtreight line only. 


How to divide the Ellipfis into ſuck requiſite parts 
, asthe plain ſhall require. 


Tf you ſhould put in the houres proper co the plain there 
will be no difficulty, for then the ſubſtilar being raken for 
theline of 12,the houres muſt be drawn as before was ſhew-. 
. edn dircplains, For in this caſe rhe Dial is Horizontal, 
thewing the houre of the day to all places that lie under thar 
Meridian under which the plainit felte lyechy But 
Py It 
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If you would pur ia the houres of the place (as moſt fre- 
quently is defired) then you are to work (for the diviſior, of 
the Ellipfis) cicher by calculation or by protration. It you 
calculate for rhe Ellipſts, you muſt firſt forme all rhe angles 
at the Poleas the manner is in theſe kindes of Dials: Then 
youareto invert the terms of proportion from the comman 
way of calculating ordinary Dials, and ſay thus : 
As the Sine ofthe Poles elevation above the plain, 

Is ro the Radius , 
Sos the Tangent of cachangle at the Pole, 

To the Tangent of the angular diſtances of all thc 

houres from the ſubſtylar line of the plain. 
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'Suppoſing therefore that you had your Ellipfis before 
deſcribed, and the ſubſtilar line ſer off from the plains Ver- 
tical line in its true poſition , you may from that ſubftylar 
line (and by the horary ſpaces found by calculation) ſer in 
every houre point into the Ellipſis, by help of any Circle 
deſcribed upon the center A. As you ſee here are two 
Circles, the circumſcribed and theinſcribed,cicher of which, 
or any other circle elſe, will ſervero prick on the houres by. 
The houre-points are here ſet upon the circumſcribed Circle, 
and transferred into the Ellipſis by a Ruler laid co A, the 
common center of the Ellipfis and of the Circle. This is 
one way, and is beſt done by calculation: here you may alſo 
put in the halves, and quarters, and halfe quarters of houres, 
or what other parts you ſhall beſt like of. == 


— ————— — —— —_—_— ———— ——— 


How to limit the Ellipfis , and divide it, 
without Calculation, 


Bur if you are deſirous to doit rather by protration, then 
muſt you work ſomwharas formerly was done, the manner 
I will in briefe ſhew , wherein you may ſee the way both 
how to deſcribe the Ellipfis , and alſo how to divide it, all 
under one. | n+ 

I, Having prepared all neceſlary requilites before hand, 
you muſt firſt ſer off the ſubſtilar line in irs true poſition 
from the Vertical line, which to do, I here ſuppoſe already. 
known. So in the following figure you ſee A C B drawn 
for the ſubſtilar line, or the proper meridian of the plain. 

2. Uponthis plain, and upon ſome point of the Subſty- _ 
larline, asat A, as upon a center, deſcribe the Circle BME, 
and quarter it, and ler the Semidiameter of that Circle be 


E 3- Upon 


+ 


Elliptical, or Azinuthal, 


3. Upononeot rhe quarters {er off the Poles clevation 


"a 


as from Ero F,and draw A F, and-from Ero A F rake che 
leaſt diftance,as E G,and with that diſtance,upon the former 
center A, deſcribe anorherleſler Circleas Ck 

4. From B (where the greater Circle curs the ſubſtylar) 
ſet BM <quall ro the plains difference of Eongitude: and 
froth M divide that exterior Circle into 24 cqual parts, which 
ſignifie the 24 houres; and by-a Ruler laid ro the common 
center A, transfer them into the leffer Circle, as M H, 161, 
6K, &c, 


" 
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5. From every point in thegreat Circle, draw lines paral- 
lelto the ſubſtylar, and from every point of the leſſer Circle 
draw lines perpendicular to the ſubſtylar, or parallel ro the 
longeſt diameter PAR, and ſo each couple of theſelines 
ſhall cur each other at right angles. — 
6. Note where every linethus drawn from any point of 
the greateſt Circle, meets with the other line whichis drawn 
from the like point in the leſſer Circle. For the concourſes 
of theſe anſwerable lines are the points here required. Thar 
is, Thoſc arc the points which ſhew both where the Ellipfis 
is tobedrawn, andalſo where itis to bedivided into its re- 
quilite parts. - 


Thus inthe precedent figure: M O and H O meet inthe 
point O, 10 L and I L meer in thepointL, 6 N 

| and K N meet in the point N, and ſo the reſt will 

A mect in their due places. Theſe points ſhew the way _ 

| where through the Ellipfis-is to be drawn, andthe 

| ſame points ſhew where the houres are tobe marked 

+. Cut. The like may be done for quarters and halfe 


quarters of houres , or any other diviſion that ſhall 
bebeſt liked of, | 


Therearc many other wayes to do the ſame things, 
bur I ſuppoſethis tobe moſt expedient. 


——_ 


Note : that 
I. The Index in theſe Elliptical Dials muſt ſtand per- 
pendicularly upright upon the plain , making right angles 
with itevery way, as it was cole ro do upon the former 
ſort of dire plains, 


S &-- 2 The 


Fog - Elliptical; or Aximmthal, 


2. Theannual courſe of the Sun muſt be limited as for- 
merly in the other plains, that is, making the greater ſemidi- 
ametcras a Badius, you muſt finde the Co-ſine of the Poles 
elevation above the plain. This Co-line is to be made 
eitheras a Tangent of 45 gr. whereof you are only to uſe 
23:: Orelſc it isto be made a Decimal Scale. By both 
theſe you haveTables and Rules how to complcat the Suns js. 
annual courſe, citherin degrees of the Signes inthe Zodiac, 48 
or by rhedayes of the x2 moneths. be! 


3. Either the Index muſt move and the Ellipfis lie ſtill, 
or contrarily. Every man in this muſt do as his invention 
ſhall beſt ſuggeſt. And that motion muſt be madle either 
upon the ſubſtylarline, or clſe paralle}ro ir , which way ſo- 
ever it be, it muſt be preciſely and puncually ordered, 


4. Allotherthings concerning the time of Sun rifing and 
ſetting , the Suns Amplicudes and Declinations, may here 
(in the ſame manner as before) be inſerted either proper to 
the plain ,or proper tothe place, as ſhall be deſtred. 


5. In right Horizons or Polar plains, the Ellipfis cloſerh 
quite up into a ſtreight line: and ſo the diviſion of it is only 
by the exterior Citrclesparts projected upon it by thoſe lines 
that are drawnparallel to the ſubſtylar. Ee 


Thus far of the Elliptical Dial, as it is to be deſcribed 

- upon declining plains whofe Indexes ſtand perpen- 

Uicular tothe plains; and which do not lie undes the 
Meridian of the place. but ſwerve from it: - 
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Another way to prick 

down the Eliipſis 

upon an Horizontal 


Plain. 


$227 Or this purpoſe here 
Ny 27 arc two Tables joyned 
YL, rogether, both of them 
made. for the Latitude of Zon- 
don , 51 er. 50 min, thelike to 
which every man may calculate 
for his own place. 

The firſt of them is a Table 
of ſuch anglcs as are made by 
rhe hour lines (coming through 
the center of the Ellipfts) with 
the Meridian line or linc of 12. 
And ir was made by that rvle 


which was given (in this caſc) 


ar the beginning of this Trea- 
tiſe. Namely, 
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Elliptical, ar Axzimuthal, 
As the Sine of your Poles elevation (w*b is here 51 gr.30m.) 
 Isrothe Radius; | 4 
Soisth;c Tangent of each houre and their quarters (counted 
from 12 a clock,) 7 
To the Tangent of the angle required, 


Theſecond Table is of the Altitudes of each houre and k 
quarter, inthe Equinoctial Circle, above the Horizon and |; 
it is calculated by this Rule. Y 


As the Radius, | 
To the Co-fine of your Latitude (which is here the Sine ot | 


So is the Sine of cach houre and their quarters, (counted ** 
from 6 aclock,) i 


To the Sine of thealticude which is here ſought. 


Then having compured theſe two Tables, you may (by 
hclp of them) both draw and dividethe Elipſis into its true 
houres andquarters by theſe following dircRions. b: 

Firſt, draw the two lines 6 6and D E, crofling each other *% 
at right angles in A, and let A D bethe Mecridian,and 6 A 658 
thetwo fix a clock lines. . "I 

Then upon A as a center deſcribe the Circle 6 D 6 of any 
convenient bigneflc; and upon the ſame Circle from D (on; 
both ſides of ir) ſet on the houres and their quarters, as 11 
and 1, 10and 2, &c, by help of thedegreesand minutes of 
the angles ſer to every houre in the former Table. And 
through every of theſe points inſcribed into the Circle, draw 
lines from the center A, as Ai, A1o, Ar, A2, with the 
reſt of the houres and their quarrersif you will. 
Thirdly, ſuppofing A 6 to be the Radius, youmay divide 
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eginning Or 1at eſt parts wheteof muſt * 
—_ muſt ws contrary way, be+ 


them our of a line 


will be beſt for the , or {ſuc 
perform his work withoutany great trouble: 
4 Table for thea 


-* Fourthly, looke in the {econ I 
Then count thoſe Altitudes ' 


"the EquinoRiallat every houre- | 
:1the lincof- Sincs, and tak© with'your Compaſſes the ſe-' 
ral diſtances of them from A, & cransfer the ſaid am—_— 
_ Im. * Gs 
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_ Elliptical, or Agimuthal, 
trom the center A ro every hobre reſpeively, ſo ſhall thoſe 
interſections give you the points through which the Ellipſis 
muſt be drawn. D. | 

Thus the alcicude of 7 and $ aclock (whichis 9 2r. 17 ».) 
being taken upon the line of Sines from A towards S, is in» 
{ſerced into 4 houres at the note 2, And the altirude art 8 
and 4 ( which in the Table 1518 gr. 8 min.) being taken 
and transferred ro the four Youresat », do give four points 
more. The reſt of the altitudes give (each of them) rwo 
hovresonly, asat o, z, and”, is done. And the laſt of all 
ar 12, givesonc only point at #. The like may be done for 
the* quartets. And ſo through theſe points thus found the 
Ellipſis may eaſily be drawn, and the lines formerly drawn 
give the diviſions that are due untoit, 


Note. 


I. This is propounded only for Horizontal plains , bur ir 
may withour difhculry be applyed ro any other dire plains 
The tremble that is, comes by reaſon that the foreſaid plains 
have a different clevation of the Pole, from rhat clevation 
that belongs to the Horizon or place where they are to ſtand: 

and conſequently there will be required two new Tables for 
that elevation which is proper tothe plain; the calculation of 
which will cafily be done by the two former proporygons ſet 
down for that end. Note further that by theſe two Tables 
' you may prick down an Ellipfis upon any leaning (not up- 
right) plain whatſoever, Bur the Incex muſt then licin the 
Zenith line of the place, (not ofthe plain) and the Ellipfis (or -. 
Index) mwſt move in the Meridian of the place (nor of the 
plain) and the Zodiac muſt be like or proportional to the 
Zodiac of the Horizon, but augmented, for the moſt part, 
.inthis proportion. "4 t 
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As the Radius, | 
.To the Secant of that anglethat the Meridian line 
(upon the plain) makes withthe Horizon; (which 
angle muſt be gotten by a Clinatorie:) 
So rhe Radius of the Horizontal Zodiac , (which is the 
Co-fine of rhe Latitude,) 
To the Radius of the Zodiac properto the plain: which 
Zodiac muſt be ſet according to the line of 12 
upon the plain, | Os 


2. This way of delineation may likewiſe be applyed to 
all other plains which decline, and are nor direc. But in 
theſe will be found more difficulty then in the former plains 
"which declined nor, unlefle it be required to put in the houres 
that are proper to the plain, for in that caſe the work is the 
ſame which wasin them. Burif the houres of theplaceare 
ro be inſcribed, as moſt uſually they are, then there will be 
ſome trouble,by reaſon that the difference of the plains Lon- 
irude ſeldome falls upon any juſt houre. 1 purpoſenot 
ere to ſhew the way,it being ſuch as will prove un-pleaſant 
ro the unskilfull, and ſuch as have knowledge will finde it 
out quickly. Perhaps the pleaſure of the thing done, will 
recompenſe their labour, 


OECT. 
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H ere follow ſome Uſes and V arieties of this 
E Ilipticall Diall. 


3 5, | 


) Irſt, If the Index ſtand ſtill, and the Ellipfis 
be made moveable; you may upon that plate 
which 1s1mmoveable, and on which the Index 

9. (tanderh, deſcribea Circle, whoſc center mult 
” bethe foot of the Index, And drawing a Me- 
ridian line upon the ſaid immoveable plate (juſt under the 
Meridian of the Ellipfis, and) from the toort of the Index 
you may divide that Circle (beginning from the Meridian 
line) into 360 gr. or ſo many of them as ſhallbe needfull. 
By theſe degices you thall finze the Suns Azimuth by the 
ſhadow of the upright Index, and by the diviſions of the 
Ellipſis you may know the houre of the day. So both Azi- 
muth.and Houreare ſhewed upon the two plates by one up- 
right Index. | 
This kinde of Diall muſt be ſer in its true poſition (for it 
will nor ſer ic {elfe) and muſt there be fixed. It it be uvon 
an Horizontall, or any direct plain;you may draw a Meridi- 
an line thereon , and either draw the Azimuths true upon ir, 
and ſo make the Ellipſis ro move toand fro according to that 
Meridian: Orelſc, if both your plates be to be fixed upon 
any Baſe prepared for them, you may, firſt, upon that Baſe 
drawa true Meridian line, and to that linemake the Meridi- 
an of the Diall roagree. The 
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The like muſt be done in all declining flats, onely you 
muſt be caretull ro make the ſhorteſt Diamerer of the Ellip- 
fis (which is the proper Meridian of the plain) to agree with 
# the ſame proper Meridian, as it ſhall firſt be drawn upon rhe 
F Baſcin ics rrue poſition, | | 
Þ 2. Alccondexcellent uſe may be fortheſetting of move- 
3 able Dials, ſuch as are made ro ſtand our of the weather, and 
arcoply tobc ſect inthe Sunat pleaſure, whenthe houre ſhall 
be required. Ofthis kindeare Polyhedrall Bodies made of 
ſome lioht matter, and Concaves, &c. Bur it is ſuppoled 
thar ſome of the {nerficies of ſuch Bodies, (&Cc.) have rhe 
houres of rhe place deſcribed upon them the ordinary way, 
by the Axis of the Equinoctiall , and thar this Ellipfts 1s 
ficred to ſome one plain (which principally isrhe Horizontal | 
- plain(becauſe that alone will ſhewall che houres of the day) 

'* orinſome tlorizonral poſition to the concave, orany ſuch 
# Daall)in its juſt poſjrion and alwayes withan upright Index, 
(that is,an Index perpendicular tothe plain whereonir ſtands) 
which 1s nor 3lwayes upright in reſpect of us, bur only in 
reſpect of the plain) and wichthe houres alſo of the place. 
38 Theſethings being fo firted, you may place your Body or 
38 Concavein the Sun, and tura it about till you diſcern thar 
-$3F both kindes of Dials do agree to ſhew one houre, which when 
they do, then all ſtand 1i2ht in their true firuation, which 
will never elſe happen but only when the houres do inboth 
agree, —_—- Torhis place is referred the Double Horizon- 


. . . , 


3+ This kinde of Diall may be placed (in a moveable 
= pO- 
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; Elliptical , or Aximuthal, 


poſture) before a caſement in any window that hath a flat 
board upon which it may move. And the Index to it. may 
be an upright threed (preciſely upright it muſt be) thar is 
fixed atthecopand bottome of the window , to and from 
which the Elliplis muſt moye ina Meridian line that is drawn 
upon the board of the window, & from or juſtly even' upon 
the threed. And where ſay the window muſt be 
fat, itis to beunderſtood that there is no extraordinary ex- 
 aQneſle required in that. For it it ſhould riſe or incline 5 gr. 
to the Horizon, it would not crre one minute of time abour 
our Latitude, provided that the Meridian be truly drawn, 
and the Index perfely upright, in which al! poſſible exa- 
neſfe is required. 

\ 4+ If anychoiſe plain reclining,or however ſituated plain 
that ſhall repreſent the Horizon of ſome notable place, be 
fixedasa Baſc whereonto place ſuch a Diall thus firted,and 
drawn tothe proper houres of that ſame place : this double 
Diallbceing placed upon that Baſe, and turned abour there- 
on, will ſhew the true houre at that place when both of them 
do agrec, and the Meridian of it will ſhew how the proper 
Meridian of that place is to be placed, and which way 
drawn... | _ 

5. If ſuch a Recliner (or Incliner, or Ere&) ſhall be fur- 
niſhed with ſuch a double Diall ro ſome intended Declinati- 
on, though they ſtand and be framed properly to the plain 
in reſpe&(chicfly) of the upright Index, and ſhall (notwith- 
ſtanding) have the proper houres of the place upon both 
Dials: .and if further ſuch a Recliner as was mentioned, . 
have an horizontalbaſe, upon which ir may beturned round: 
Iſfay, though this Body be horizontally moveable , and 
may berturned any way, yet the two Dials will never agrec 
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#® troſhew the ſame houre, untill the Baſe ſtand to the true 


Declination to which the double Diall was drawn. 
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Some varieties of the ſiruFure of it do bere 
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Beg Meridian and Latitude of the plain, rhere may be 
A © &* Vn * . * . 
WO uſed a true Circle-equally divided : but then ler 


theſe things be obſerved. 
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Firſt, Thar the Index muſt be perpendicular every way 


to the plain on whiciz the Circle is elevared, ſtanding upright 
upon ir. Secondly, That the motion (cither of Index or 


Circle) muſt be according to the proper Meridian of the. 
plain. . Thirdly, That the Zodiac mult alſobe proper to 
the plain, and muſt lie upon the plainor Baſe it ſelfe, and 
muſt be the ſame wich that which fttuld ſcrve tor the El- 
lipfis. Bur then, Fourthly , this equally divided Circle 
muſt be clevated over the proper Meridian of the plain (that. 


1s, the Baſe of ic muſt reſt upon the proper Eaft and Weſt 
line of the plain) ſo much it muſt be elevated as the elevari- 


on of the Equinotiall above that plain comes unto. And . 
the elevation of it may be cither way; that is, cither upon. 
the South Coaſt, andthen ir will be anſwerable ro the Equi- 

nociall in the heavens,or elſe it may be cowards the North, . 
bur {till ſo much as the EquinoRals (not the Poles) elevati-. 

oncomes uato, and in ſome caſes it muſt be done both 
| | | wWaycs . 


5) 3 Irſt, Inſtead of rhe Ellipfis drawn to the proper 


Elliprical, or Agimuthal, 


wayes that the Sun may ccme at 1t, and it muſt then have 
two Indexes. Both wayes 1t 1Salike true, It muſt be di- 
vided into equal] houres and parts , and ſo much of ir muſt 
ſtand above rhe Baſe or plain on which it moves, as the long- 

eſt day comes unto. The beginning of the Giviſion muſt be 
from the line of 12, andif theplain| be not direc, then muſt 
the difference of Longitu ce be counted in the circular dee 
orces., trom the higheſt D01:1t, OL from the Vertical line of 
this EquinoQiz!! Circlc. 

2. This Dill isnorfo tyed co a plain, but that it may 
allobe drought to an un-<cven Superficies, yet fo, thar the 
merion of it, orthe Zodiacal Scale muſt be upon ſome plain, 
Bur to ſhew the manner how this ſhould be performed, is 
more Proper = thoſe Projefting waycs which I haven ano- 
ther place had ſoinc aſſayes of, Only remember that the 
Horizontal Diatlmuſt be projected, not by the Axis, but by I 
the Zenith. 1 

3. A double Diall depending upon this kinde , may be 
mace to ſer it ſcite, and ro ſhew the houre in a Craticular 
forme, which is allo more progeny ro be handledin my 
Other WayCss 
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There remains y(t one firudture more , by which it ts 
fitted for ſeme uſes that follow after, ana us made 
a portable Inſtrument, z6t at al to be 
uſed in of ſervation, 


I. Ake a right angled ParalleJogram, as A B C D, 
whoſc length may be abour three times che breaich: 
and ler the litnbe (upon which chegraduations Rand)be high- 
ct then the Plain or Area ot it Its: A 
2. De 
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2, Deſcribe a Semicllipfis 
ro your own Latitude , whoſe 
longeſt Radius let be MO,a_ 
little longer than AB, that 
when the center M -is lefr out 
andcut off, ſomuch as M N 
comes.to (which may be about 
halte a quarter of an houre 
from 12 in the Ellipfis) the 
remaining breadth N O, or E 
F, or GH, may be juſt fir to 
AB the breadth of the hol- Ko 
low Area, in which this lefler 0! 
retangled Parallelogram E F 
GH may be moved to and froas there ſhall be occaſion. 

. Andlet the thickneſſe or depth of this moving plate ” the 
''s |  J1ame 
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ſame with the thickneſle of the 1;mbe of the lower plate. 
The diviſion of the Ellipfis may be made according to the 
rules before given. 

3. Inthe mid of this leſſer plate, ler a hole be pierced 
quitethrovgh jr; and inthat holc ler a threed be extended, 
2SI x, which is co ſerve for an Index, by whichthe ſaid 
Semicllipf1s is to be reRtified. And rheretore it is beſt thar 
therhreed I K be laid juſt in the longer diameter , which is 
the 6 a clock line. | | 

 4- Take the leſſer Parallelogram and put it into its place, 
as cloſe to the end A Basitwill go, and whenit is there 
laid, obſerve where the threed lies upon the lower Area, and 
draw the linc upon which it lies, which muſt be rac line go, 
. 90; upon which the Scales (that areinſcribed) muſt rake their 
beginning. Andlikewiſe you are to take the longer Radius 
O M., and as the plate rhere lies, ſct one foot of that Radius 
upon O, and let the other reach as far as it will, which muſt 
be upon the rifing limbe beyond the inner edge of it, ſo 
muchas M N comes to : in thar point you are to make one 
center: ſoagain, turning your leſſer plare about, you 
muſt lay it in the contrary way , cloſeto A B, as you did 
betcre, and from the point O you may finde the ſecond 
center : both theſe centers(in each of which muſt a threed 
be faftnec) will happen to fall in che former line go, and 
90, ncerthe points T and V. 


Being thus far prepared, you may take away the leſſer plate, 


and divide the Scales upon the greater plate, in this 
manner, 


5+ Furſt, For therwolimbs of ir, they are ary 
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8 bur thedegrees of a Circle projected thereon from the rwo 
centers: which may therefore without difficulty be done 
either from the degrees of a Circle, or elſe by Tangent 
lines, as any man will cafily perceive. 

6. Secondly, Forthe other Scales you muſt make them 
parallelrothe edge of the limbs, Thereare three of them 
in number: Thc longeſt is a Scale of Tangents: The mid- 
dlemoſt is a Scale of houres, madein the form of a line of 
Sines : Therhird isa Zodiac, or Scale of che year, 

The Tangents are made thus. Taking M O as Radius, 
finde the Co-tine of your Latitude agrecable thereto: and 
making thatQo- tine as a Radius, or Tangent of 45 degrees, 
all che other Tangen:s are to be ficted accordingly. Then 
ro know how far of this line will be uſefull, pur the leſſer 
7 plareagain into ics place, as cloſetorae end C D as it will 

= go, ſo ſhall cherhreedI © ſheiv rhe furtheſt point of irthar 
| will be ufcfull, 

The nfddle Scale of Sinces is maderhus. Count the com- 
plement of your Laticude upon the new made Tangent line, 
and from the beginning of the Scale to that point, make a 
line of Sines for fix houres and their quarters, ſo ſhall this 
Scale bf firred. 

Thy Zodiac or Annual Scale is equall in length to the 
| Tanga of 23 gr. ;0 #17. and the manner of inſcription 
_ ables whereby to do it, are ſer down before , and 
nec 


ot be here repeated. 
he reaſon why this Inſtrument s thus comrived. 


7 
Ws 

: 

x 
"0 
$3 
bas : 
py 
_- 4 

#% 
ox fo 
«> 

- 

f 


k The intent of the contrivance is, that it ſhould ſhew both 
- Azimuth and houre, and thar therefore there ſhould bea 
CaFcand anEllipfis fliding over it, both of them made to 

8 one 
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one center, {o that the center ſhould be in the midſt, and the 
Circle ſhould be a whole entire Circle, and che Ellipfis alſo 
whole. Bur becauſe the Ellipfis ſlicing upon the nether 
plain, doth ſomtimes of neceſſity cover the center, ſo as that 
there can be no threed fixed for uſe, I was therefore com- 
pelled co order itin this mannerthat is before expreſt, that 
the moticn of the upper plate and the cerrers might ſtand 


cleere without hinc ing each other. | 
* Then further ic muſt be noted, that rhe Inſtrument is 
(nor generall toall, but) particular to ouc Lawutue, 


The uſes of it do here follow, which by reaſon of the Semi. 
ellipfis will not be ſo eaſie, becauſe meiiy changes are | 
required. In generall note thus much, 


 T. In uſing this Inſtrument you muſt alwayes ſuppoſe 
that youlooke upon the North. 4 

2. If the Declinationof the Sun or Star be Narth, hold 
A B towards you, If South, then hold C D towards you. 
3. If ctheSunor Starbe Eaſtward of the Meridian , let 
the morning houres be rowards you, If they be Weſtward, 
let the evening houres be towards you. Y 

4. Alwayes uſe that threed which is on the ſafhe fide 
with the centerof the Ellipſis. And thar ſide lin&of the 
largerplate is cver to be raken for the Meridian, ang} con- 
ſequently theother ſide muſt be eſteemed for one of t 
Coalts of Eaſt or Welt. : 

5. Becauic North is furtheſt from you, there fomgl 
furtheſt quarter of the limbe muſt becicher North-caſthg 
North-weſt : the neereſt South-eaſt or South-weſt. 5 

Theſe cautions being obſerved , the conclufions ti 

ro be wrought will be eafie. 
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1.By baving the Azimuth to finde the Houre. 


Firſt, Order your Inſtrument by the former cautions, 
according to the preſent caſe of your obſervation. And re- 
Qifiethe upper plate (by help of the threed Index) either to 
the Declination of the Star, counted in the Tangent line, or 
tro the Sunsþplace in the Zodiac. Then count the Azimuth 
given upon the right quarter of the limbe, and apply the 
threed thereto: Soſhall cherhreed ſhew (upon the Ellipſis) 
the houre in which the Sun or Stars. | 

If che work'be for the Sun, thenthe houre thus ſhewed is 
the Suns houre, or houre of the day. 

It the work be for 2 Star, it then ſhews the Stars hourc 
only ; which muſt afterwards be reduced into the Suns 
houre, = it may be the true houre of thenight. This 


change ay moſt cafilic be done by a common Nocturnall. 
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2. By baving the Houre in which the Sun 
MW any Star is, the Agimmb thereof may 
found. 


hc Inſtrument being refified z lay the threed upon the 
Hogſe-(counted in the Ellipfis) the ſame threed will ſhew 
cabizimuth in the graduations upon the limbe. 


£ 
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a. 174 finde the Aſcenſoonall difference, the 
Semidiurnall and Seminofurnall arkes, 
with the time of their riſengs and ſettings. 


Ingenerall notethis : If the Sun or Star decfiat North- 

ward, then the Semidiurnall arke is greſter than fix 

houres; if Sourhward, then leſſe. 

The upper plate therefore being rectified, eirher to the 
Suns place, or to the Stars Declinarion, the threed will ſhew 
uponthe middle Scale, the Aſcenſionall difference, if you 
count the houres how many they are from 6%-It ſhews rhe 
Seminocturnall arks, by the houres of ſetting and rifing be-- 
ing rightly taken according to the condition of North or 
South declination. Ic ſhews the time of Sun pifing and 
ſerting , according to the houres upon which bY Bur 
forthe Stars , it ſhews only upon what houre-cifgles they 
riſe and ſer; but thetrue houre or time thereof inuſt befound 
by turning the Stars houre into the Suns houre, which (as 
I ſaid before) will be done with moſt caſe by an ozdil 
Nocturnall , in which the Stars (that you deal wi 
placed. 


— q 


A. T ofindethe Amplitude of their Kiſnyes 
and Settings. Ec \ 


When your upper plate lies ſo reified , lay the thr ; 
upon the Ellipfis, to che Aſcenfionall difference, or 


diuh. 
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Jiurnall arke before found. The threed fo laid, will ſhew 
the Amplitude in the limb of che Inſtrument. 


Note here. 


In the firſt of theſe Propofitzons I ſuppoſe the Azimuth, 
in the ſecond 1 ſuppoſe the Houre to be given by obſervati- 
on. Forthe obſerving of theſe two, you may make 1n any 
convenient window, both an Horizontall Diall, with a threed 
Axis lying inthe Axis of the world , and an Azimuth Cir- 
cle with a threed Axis, ſtanding upright in the Zenith line, 
The diviſtongutable to both theſe, may be inſcribed upon 
the board ofthe window; and for the Sun, the ſhadow of 
the threed will give the houreof it upon the Horizontall 
Diall; or che Azimuth upon the Azimurhall Circle. But 
for the Stars that caſt no ſhadows, yon may makeſliding 
ſights, that may move upon the edge of the window board, 
or may J upon the board it ſelfe, (which muſt in rhzeſe re- 

; ſpetzabe level, or ar leaſt neer to ir.) And thoſe moying 
7* fights muſt be furniſhed with ſhore wires or pins which may 
de. ſtand upon the edge of the ſight , and go down tothe 
windg&v board, and to the diviſtons that are drawn upon it, 
which may be both for fights by which to lookeat the 
ſtandſhg Index and Star both together, and muſt ſerve as 
IndExes to ſhew the houre or Azimuth on which a Star is 
at aſJy time. Only this generall caution muft be given, that 

glc pins be ſer parallel to the threed Axis thar is ſet inthe 
wpdow (thatis) for the Azimuths they muſt and upright, 
+ t for the houre they muſt lie aſlope, parallel to the Axis 
Pf rhe world, This I have ſometimes done, and this any 
$gan may at his pleaſure do, whereby cirherrhe Houre or 
nuth may be obſeryed , and when any one of them is 
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known: this 1 aſtrument (now deſcribed)will finde the other. 
In ſuch likecaſes this Inſtrument will be delighrfull and 
of good uſe. 


| p— _—_— * pa -— 


5. To finde the Declination of the Sun. 


Set the threed of the upper plate upon the Sons place in 
the Zodiac, or upon the day of the moneth in the-Annual 
Scale, rhe fame threed will give the Declination thereto be- 
longing, upon the Tangent Scale. mm 


\ 
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6. How to make an Horizonta!ll Diall by 
tbrs Inſtrument. J 


The meaning is to know how many degrees are — "9 
red between the Meridian line, and any other houre line. 
There are two wayes to do it. The firſt isthe converſgoft 
rhemaking of the Inſtrumenc. For if thethreed InEex be 
laid rothe line where the Scales of the lower plate begſh, ſo 
that the line of fix do. lie evenly berwcen the two afffiters 
wherethe threeds are faſtned, t::en tlie center threed aPyly- 
ed to the houres ſeverally will ſhew how much theyare 
gradually diſtant from the line of 12. But you muſt Ittre 
xemember to take 6 for12,and7 or5 for 11 or 1, and 
the reſt of che houres inthar order. And the graduall ſpace, 
or diſtances fromthe Meridian orline of 12, muſt be count# 
ed from go contrary to the numeration of the limb. Bi 
this is not ſoartificiallas ghis that now follows. 4 
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Ser the moving plate toany houreupon the middle Scale, 
and apply the centerthreed to rhe like houre 1n the Ellipfis 
taken on that ſide of ir char is furtheſt from the beginning 
of the thiee Scales, and ir wijl ſew you (upon the limb) 
the angle or Horizontall ipace thar is Cuzto thac houre, The 
like is ro be dyne in every ocher of the houres.. 
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Concernins {:::e nther uſes of the Inſtrument 


that was liſt deſcribed. 


SZ Incerhe writing of that which is gone be- 
Z) tore, other things there are which came 

Jj into my thoughts concerning the further 
uſe of this Inſtrumenr, 2 

Bll lc were more expedient therefore that 
= che Ellipfis were divided into houres and 
degrees, rather then intoquartersand half 


417 quarters of houres. Which diviſion (as alſo the deſcription 


of K) may by protraction be performed by thoſe rules char 
arggiven before. Bur if ir be thought bercer to doirby 
TIvles, then by the former rules of calculation given for 
Frhis work, you may frame two Tables, the one of Angles, 
Ahe other of Altitudes to your own Latirude, ſuch as inthe 
edowing Table are computed to rche-Latirude of Loxdoy, 
Frnheſc Tables you may put in every houte and third de- 
. g1ce, 


| eAd Latitndinem 51 gr. 20 min. | Mag. - Bs | 
gr. | Angles | «Altit. | gr. | Hor EM P H cal, Fc. \ 
o0|00 co[38 30100|XIT pree, the infermediate 
2; Bi = 2 degrees may beequally 
ol 7 39 | divided, The numera- 
6\117 26 ; ion will be either by 
>| 5] 12 +7 15, 30, 45, GC. ACCOt- 
: '. ding as the ftgning of 
it by hours wil require; ' 
Or <cl(e hefides the 
houres you may ſer on 
10,20,30, &Cc,in {mall 
figures, which will 
{tand without hindiing 
the numbers (or nuine- 
' rall lercers) that are ſet 
' for the houres. 
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This Elligfis thus 
divided, may Ypreſcnc 
either the Horizon, or 
| elſeany of the (Almi- 
| 91 i cantars or) paralleFeir- 
I9 49 | I 2 ' clesto the Horizgn, 6 
's c8!ool1v. thediyifions of Fu 

' then ſignifie rh&Az1- 
| muths. Anditit bgroo 
47 |14 49. big (eſpecially wikn it 
= 33 comes to repreſent gny 
44111 OF . i 
_ | of the higher A /micang 
09 109 I7]e .| tars) youmay addeany,. 
22107. 2 the fe becadch pla 
82 56]05-35] 6 e lame DIcddt _ 
6. 85 18]03 44 the former was,na 
2187 39[or 52112] 
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M © here equallto MO in the former , and M N muſtin 
both be juſtly equall, chat ic may borh ſlip in the former 
cavity. fo as juſt to fill ir, and thatche ſame limbs, centers, 
and threeds, may in both agree. 

Burt then a lefſerEllipſ1 
muſt be here deſcribed 
and ſo thelenethGE or Rf”; 
'FH will be diminiſhed. SD 
A leſſer Ellipfis (I ſay) 
muſt be deſcribed, which F 
though. it be lefle, yer ir A 

- muſt be like and propot- 
tionall ro the former. 

Therefore affuming any S- F 
| length as MP, for the - 
longer Radius, you muſt (ro that Radius) make M R and 
MS cquallj cothe Sine of your Latitude, and ſo deſcribeand 
divide it as formerly was ordered. 

Then again, to this new Ellipfis there muſt a new Scale of 
Tangents be made , whoſe length muſt be limited as che 
| former was, inthis manner. To M P as Radius, finde the 
" Coefinc of your Latitude, and make that Co-fine a Radius 
or Tangent of 45 gr. and according thereunto, continue 
the Scale cf Tangents as far as ic will go. It muſt begin 
upon the ſame line thar the other Scale of Tangents began, 
and muſt go the ſame way with it. And in this new way 
of ordering the Scales and the Ellipſes, it muſt be conſide- 
xed what the other parts of the Inſtrument do fignific 

The end of the lower plate, upon which the Scales be- 

in, muſt be accounted for the North, the other end C D 
1s 20 betaken for South, The ſide lines arc the Meridian. 

D degrees of the limbs are to be uſed as the degreesof 

Fo Oo on 
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 Elliprical, or Agimuthal 


the Equinoctiall. The threed applyed to thoſe degrees are 
the Meridians comming from the Centers, which are the 
North Pole. The Tangents are the degrees of Altitude. 
The Ellipſis notes our that Almicantar which the threed 
Index ſtands unto upon the Tangent Scale. 

And further. Iris to be herenored, that if the Metidians 
(or threeds comming from the center) were rightly divided, 
thoſe diviſions or parts of ir ſhould fignifie the degrees of 
Declination from the EquinoQiall. Bur the inconvenience 
ct it is, that becauſe one Elliplisisto repreſentevery Almi- 
cantar, therefore the Radius cannot poſſibly be ar all times 
the ſamein length, bur muſt yarie according to the removing 
or ſeverall poſitions of the ſaid Ellipſis, T hat is, when the 
Ellipfis ſignifies the Horizon (or ſtands at the beginning of 
the Scales, without any alttude atall) then the Radius M 
O in the firſt moving plate, or MP in the ſecond moving 
plate, is the Scale of Declinations, but at othertimes, when 
the Ellipſis ſignifies any Almicantar, then muſt the Secant 
of that Almicantar (of Alritude) betaken as the Radius for 
that particular work. Butalwayes the Radius(of whar length 
ſoever it be) muſt be dividedasa whole line of Sines, the 

greateſt parts beginning towards the center, the leaſt parts 

_ encingat the remoteſt end from the center, and yer then a- 
gain,the numeration of the parts or declinations of it muſt 
begin attheremoteſt end, and muſt end in the center ar the 
Pole. _- 

It might be applyed to uſe in the motions of the Stars, 
bur that would be troubleſome; theretore it ſhall ſuffice to 
makeir uſefull only for the Sun. 

The beſt way thar (for the preſent) I know whereby ro 
dividethis Radius (thus of ſ{everall lengths) isthis. Divide 
the length from the center T to C into 99 vines @he 
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greateſt parts begmning at the center, but numbered the 
contrary way.) This line may be drawn from the center T 
into ſome parc of the limbe, whereit may have room to re- 
ceive diviſions. Then with your Compaſſes take the Ra- 


dius T V, cquallto M O, and from the end of the former . 


Scale, open the threed to the leaſt diſtance, and where rhe 
thiced ſtayes, there make a mark upon the limbe V D, for 
there is a new Scaleto begin,for rhe Secants that were mens 
tioned before. 

Then lay the threed from T to 80 in the oppoſite limb, 
and move the Ellipfis till the point O fall juſt under the 
threed, andtake T O in your Compaſles, and pur in that 
diſtance as before, ſo ſhall you put in 10 gr. into this new 
Scale. Inlike manner lay the threed to 70, 60, &c, and 
bring the Ellipſis till the point O lies under it, ſo ſhall TO 
(in theſe ſeverall poſitions) give the lengths to be inſcribed 
in this new Scale, for 20 gr. and 3o gr. &c. all the reſt muſt 
bedone in like manner, till you have pur in as many as will 
come within the reach of the limb, which will be upon 60 gr. 
or thereabout, | 

The like ſhould alſo be done forthe leſſer Elliplis, work- 
ing inthe ſame mannerby the threed and the point P.Theſe 
are called rhe new inſcribed Seales. 

The former line of Sines ſerves ro them both indiffe- 
rently. 

Now when things are thus fitted, the uſes of them will 
be ſuch as in particular Aſtrolabes is vulgarly known. 


Some of the Uſes are here mentioned. 


Ha» Having 


mt... AM 


Elliptical, or Agimuthal 


1. Having the Suns Declination and Alti- 
tude to finde the Houre and Azimuth. 


Firſt, For North Declinations, Ser the Ellipſis to the 
Altitude counted in the Tangent Scaic. Then count the 
ſame Altitude 1u the new inſcribed Scale of Secants, and 
theretolay thethreed. Afterwards, take the leaſt diſtance 
from the Suns declination, (counted in the fore-mentioned 
inſcribed Scale of Sines) to the threed. Set one foor of 
that diſtance inthe center, and extend the other till itcrofle 
the Ellipfis, and where it croſlcth, thither apply the threed, 
which (in thelimb) will ſhew the Houreand ſcruple (in de- 
grces) required. The ſame point of the Compaſſes dath 
alſo immediately ſhew (upon the Elliplis) the Azimuth 
ſought for. If rhe Compaſſes do crofle the Ellipſts twice 
(as ſomtimes it will) take that crofling that is furtheſt from 
the Meridian, - | 
_ Secondly, for South declinations. The work isin a man- 
ne: the ſame: only you muſt note that the threed will croſle 
che Ellipſts twice, and youarc in this caſe to take that croſ- 
ſing which is neereſt rothe Meridian, IT 
By wppoe's the Altitude to be oo, that is, by laying 
the Ellipſts upon the line T V, and uſing rhe Declination 
as before, you may finde both the Amplitude and Aſcen- 
fionall difference as before, and what clſe doth thereon 
depend. | | 
Bur becauſe theſe things being done neer the Horizon, 
will not prove good, eſpecially when the Declina- 
tion is little from the EquinoRiall: and becauſe the 
workatthebeſt is but troubleſome, I ſhall here break 
_ off, ſuppoſing that I have already writtentoo much. 
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DEMONSTRATION 
of the Ellipticall Diall uponan Hori- 
zontall Plain : ſhewing the reaſon why the ſame 


Diall, by an upright Index ſhould ſhew 
the true Houre, 


FASAEHAE reaſon 1s principally deduced from the 
A © Sphereir felf : and ſecondly, from the 0r- 
"aF8| thographicall Projection of the Sphere up- 
* on the plain of 'the Horizon , which as ir 
| doth repreſent the Sphereir ſeclfe, (oir doth 

| ” perform the ſame concluſions with the like 
certainty that the Sphere doth; and that upon this generall 
ground, that looke what Circles, and in what parts rhey cur 
each orher upon the former. the: ſame Circles and the fame: 
parts of thoſe Circles do upon this Jatter cur each other in 
the ſame manner. TI ſhall here take for granted, that rhe 
Projecure is (for truth) in all reſpe&s anſ{werable to the 
Sphere it ſelfe, which is abundantly made good by thoſe 
that have treated upon this ſabjet, Then from thls Pro- 
jeRion I ſhall ſhew how the Ellipricall Diall upon the Hori- 
zon muſt be of the ſamertruth with it. Andrherefore theſe 
things following muſt beconfidered, as ſo many Lemmaes 
to-prove what iS here required. 


Note.,. 
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Note, that in no form of ProjeQtion beſides the Or- 
chographicall, this kinde of Diall can be true; thar is, that 
no figure but an Ellipſis will do it, nor yer all Ellipſes, or . 
Ellipſes divided into all *--: ns, as in ſome ProjeRions rhev 
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are, when one halfe or 180 gre 0n one (ide, are greater than 
the other halfe or 180e7, on the other {1de : theſe will nor 
do here, but.only ſuch as whoſe extream Diameters are the 
fixes and twelves, that is, ſuch as are produced by inftaitc 
Orthographicall Projection. 


LEMMA # 


Firſt, The Equinodiall Circle , and all the Parallels of” 
Declination, are projected upon the plain of the Horizom into 
like Ellipſes. And that they are all of them divided (by the 
 Meriatans) alike or proportionally one to the other. i 


The reaſon of this may be conceived upon this ground. 
Since the Equino&iall and all che Parallels are Circles of a 
. Juſt parallel fticuation one to the other(as their name imports:) 
therefore on what point {oever of the horizonrall Axis the 
eycis placed, the i2id Circles muſt be Ellipſes (excepting 
only it the eyc be placed uponrhe ſuperficiesof the Sphere, 
for then, and only chen, they will beall perfe& Circles,) as 
all rhat write upon this {ubje4 do ſufficiently make good : 
andconlſequently, whea the eyeis placed upon the fame Ax- 
15,1n an infinite diſtance, as this Projection ſuppoſech. Bur 
the ſecond thing is moreto our purpoie, and thatis, thar all 
tizeir degrees and quarters, and other like parts, art like and 
froportionall onero the orher (not all the parts of one and 
the ſame Ellipfis are like, that is equall, oneto the other, as 
in the Circles themſelves upon the Spnere they are, bur 
each oneof theſe Ellipſes is juſtly like any other of them, 
both in thewhole, and likewiſe when any of the like parts 
of one be compared with the like parts of the other, as one 
quarter, &c. with anocher.) And the reaſon briefly is, be- 
cauſe rheeyeis ſuppoſed (in this Orthographical Projection) 
| to 


Elliptical, or Agimuthal 
roſtand inan infinite diſtance trom the plain on which the 
projection is made; and becauſe it doch ſtand in an infinite 
diſtance, thereſore all theſe Circles are alike fituared to the 
eye, and conſequently muſt make a like or proportionall 
Projection of every of thoſe parallels with their like firua- 
red parts. Bur it the eye ſhould ſtandar a finite diſtance, 
then theſe parallels would nor have a like ſituation to the 
eye, neither in reſpect of diſtance, nor in reſpeR of poſition, 
and ſo the like parts of the parallels could not be like one to 
the other in the Projection , becauſe of their different poſiti- 
On. Bur in the Orthographicall Projection at an infinite 
diſtance all things will be alike, being alike projeRed from 
a like poſition, I ſay in this it will be ſo, and in none beſides 
this. 


Whence will follow : That the Equineftiall Circle, or 
Ellipſis rather, may repreſent both it ſelfe , and likewiſe 
any other of the Parallels , if it be ſo contrivedio fland © 
rom the Zenith point , as that it may have apropor- 
tional ſituation from it, ſniting with the poſition of any 
other Parallel which it ts to — And this is the 
main ground upon which this Diall will be proved 
tobe true. 


THEHMAAH #5, 


Secondly, Any two like plain Figures maybe alike ſituated. 
#0 any point aſſigned; ſo as that from that point any two right 
lines being drawn infinitely, ſhall cut proportionall parts from 
thoſe two like fignres. 


This 


__ 
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This is generall to all like figures, whether they be two 
or more; plain or ſolid : bur tor our purpoſe it will be enough 
to ſhew it to be 


crucin like Ellip- — ay 


ſes. Oneway for X 
che making of -& | 
one Ellipfis like WV \ 
roandther, is by 
aſſuming of any 
point, as 4 in the 
greater Elliplis, 
and from thence 
drawing as many | 
lines as you wil, 
* as 46, 4c, you 
= muſtdividethem 
* into proportio- 
nall parts at a & 
e, that as 4b to 
ad,(0acto arr 
& then through 
thoſe points the 
leſſer Ellipfts may be drawn,which muſt be like to the great-- 
ergand alike ſtruated tothe point 4, becauſe all thoſe lines 
are proportional], and the ſubrenſes bc, de, will likewiſe 
be parallel and proporrionall. And ifthelines 4 6, « c, had 
been augmented proportionally (as here they were dimi- 
niſhed) there would have beena greater Ellipfis deſcribed 
!iketo the other. | _— : 


\ 
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Hence will follow- That if the centers of two like Ellipſes 

be laid upon one line, as upon one of their common 
Diameters , and [rom any point aſſigned (untowhich © 
they are 10 be alike ſituated) there be aninfinue lime * 
drawn to any point of one of the Ellipſes, and the like 
point of the othcr Ellipſis be brought to that :1;finite 
line (the center of it ftill keeping upon the common 
Diameter, ) theſe Eliipſes in that ſituation fball ſkand 
alike poſited tothe aſſigned point. 


Becauſe there are rwo lines (the common diamerer and :; 
the infinite line) that trom the point afſfigncd do cut like # 
parts of both Elliples. The common diamecer makes chem 
alike ſicuare in reſpe of one dimenſion (ſuppole thelengrh) 
of rhe locws planus whereon they lic, and the infinite line 
limits them in reſpe& of the other dimenſion (ſuppole the 
breadrh) of che ſame /ocw planw. So that they are quite 
limited in reſpe& of their like ſituation to the point, and 
can (in thisreſpeR) lie in no other place for this individuall 
polition. , | 
LEMMA HIT, | | « 

Thirdly, 44 the Azimmhs of the Horizon are (in th _ 
Orthographicall Projeftion) caſt into freight lines meeting 
all in the Zenith point. : 


The reaſon is, becauſe all theſe Circles do croffe cach 
ether upon the Axis of che Horizon (or upon the Zemth 
line,) upon which line the eye is imagined co be placed at an 


infinice diſtance. Therefore they all (that is, the plains of 
them 
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them infinitely continued) do crofle through the eye, and 


their concourſe being upon the Zenith line , and the ſame 
Tecnich line comming into the'eye, the ſaid whole line, and 
their whole concourſe will be caſt or refolved into one 
Gngle point, anſwering to the Zenith point of rhe Sphere. 


—_— 
—_ 


The application of theſe things to the 
purpoſe intenatd. 


'Eirſt, In the ProjeRion ir ſelfe we areto conſider theſe 
things. | 
If it be furniſhed with parallels and houres, as the man- 
'2; ner is,and laid horizontally with the Meridian line of it juſt 
'> Northand South: and if further , there be an upright In- 
4x dex {et in the Zenith point at Z, rhen ſhall che ſhadow of 
2 that ere Index repreſent the Azimuth in which the Sun 
-#Þ} is,andif you notre where ir cuts the Parallel wherein che Sun 


houres of that parallcl) the time of che day. 

This conclufion is true upon any Horizontal ProjeRion 
. (the Stereographicallas well as the Orthographicall) for the 
© fireight lines or Azimuths whether ſhadow or Index com- 

... 5 ming from the Zenich,and cutting through any houre in any 
 parallc], doth ſhew the Azimuthin which che Sun muſt be 
at that houre for the day of thar parallel. 

And further, becauſcall the ProjeRion is made upon the 
plain ofthe Horizon (which therefore muſt be the funda- 
mentall Circle of the ProjeRton, and) which for that cauſe 

is, and muſt be(as all fundamental Circles ofany Projeion 
are) cqually divided'; They a 
| 2 


Wi conſequently muſt all be projected into ftreighr lines. Ana 


. (for that day) is, the ſame ſhadow will ſhew (among the 


n upright Index ſtanding. 
Ve... 
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in Zrhe center of it, and fo anſwering tothe Zenith linc of 
the Sphere, and thedegrees of the Horizontall Circle an- 
iwering tothe degrees of the Horizon in the Sphere. 1 fay 
the ſhadow of that Index doth really ſhew thetrueAzimuths 
of the Sun, or the true angles of poſition that the Sun at any 
time maketh with the Meridianline. And further, the fame 
ſhadgow or Azimuth where it croſſeth the Parallel of the 
day (which Parallel is divided into its proper parts, like to 
the parts of the Equinoctiall, by the Meridian Circlcs iſſu- 
ing our of the Poles) it notes out alſo the houre of the day. 

So that the Projetion made in this manner with an up- 

right Index and divided Parallels , will (by the ſhadow of 
that Index) ſhew the true houre of the day upon that parallel 
chat is proper for the day, if the Meridian of the Projection 
licin the true Mcridianof the Horizon. 

The next thing to be ſhewed, is how the Ellipticall Equino- 
ctiall may ſupply the.uſe of - all the Parallels. 

That is to ſay, How the Equinoctiall, being made moya- 

able, and the Index ſtanding alwayes ſtill, may be firted ro 
repreſent any of the Suas parallels. And becauſe(as was 27 
{aid before) it is every way like to each of the Parallels, ic 
will cheretore be only required to give ſome rule how the 
laid EquinoRiall may be at any time placed in a like poſiti- 
onto the Zenith point at Z, that any parallel hath tothe 
ſame point ,.ſoas that any right line (or Azimuth) bcing 
drawn from thence may cut a like part or point in the Equi- 
nociall that it doth in the Parallel. 

Let the Parallel be H E, I would remove the Equinoti- 
all Z A ſo, as that it might havealike poſicion to 
the point Z, thatthe Parallel H E hath. 

By the Corollary of the firſt Lemma, it may repreſent it. 


By the Core/lary ofthe ſecond Lemma, the way of it mc 
Eallce. | | 
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eafie, For firſt, the rwoEllipſes HE and A A, haverheir 
centers upon the Meridian line A H Z P,as upon one oftheir 
common Diameters. Secondly, the Parallel H E cuts the 
ſixa clock Circle, or Meridian P E A, inthe point E,making 
E A equall in radiall degrees ro RB A (for the Parallel 1s 
every where equidiſtant roche Equator, and the Meridional 
Arks,therefore, intercepted between them , fuch as are E A 
and H &, muſt be equall.) Sothat E A 1s the Declination 
of that Parallcl from the Equinoctialls If therefore the line 
(or Azimuth) Z E be drawn infinitely through the point 
of 6 inthe Parallel, orthrough the Declination (of that Pa- 
rallel) counted in the Circle of ftx; and then the EquinoRi- 
all (ſtill keeping its center upon the common Diamerer AP) 
be ſlipped up cill che point A thereof do concur with the in- 
; - finite line(drawn beforc) at G; inchus doing, 1 fay tharrhe 
Equinodtiall isin a like ſituation ro the point Z, that the Pa- 
rallel HE is in, to the ſame point. And conſequently, rhat 
any righrlinc (or Azimuth) from Z, will cut the ſame(rather 


* like) parts in onethar it doth inthe other. As by the Corole 


?ary of the ſecond Lemma will appear. 

The next ihine to be enquired 8, what theline A G 6,07 

how it muſt be found and eſtimated. 

For this purpoſe, conftder,thar ZPEand Z CO aretwo 
Triangles rectangledat P and C, and having a common an- 
gleat Z; thereface, As Z P Co-ſine ofthe Latirude, ro ZC 
the Radius, So Þ E, the Co-tangent of the Declination , to 
the Tangentof C 0. Or, Asthe Radius Z C, tothe Co- 
ſine of the Latitude Z P,; ſois the Tangent of E A, the Pa- 
rallels Declination, to the Tangent of A ©, that is,cortheline 
A G, whichis the Tangent of A O, becauſe thearke A O 
:s cexprefled in irs full quantity « without any en- 
larging or fore-ſhortning, and the right line. A G ſtands | 

Lo. 
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Kliprical, or Agimutbal 
co itas a Tangent thereof, ſtanding at the end of the Radius 
Z A. Now confider,thatif Z C be conſidered as Radius, | 
chenmuft the Tangent of E A be the Tangent of the Pa- % 
rellcls declination, cftimated to the ſame Radius. And be- 
cauſe Z Þ 1s in the ſelte ſame proportionro A C, therefore: 
If ZP (the Co-finc of the Latitude) be eſtimated for a Ra- 
dius, then muſt A G be eſteemed as the Tangent (of this 


Parallels decljnation) to the {aid Radius Z P. And hence 
it will follow that 


It Z Pthe Co-fineof the Latirude [being taken(asthat 
Co-finc)ro the Radius Z C or Z A, which is the 
longer Radius of the Ellipticall EquinoGtiallJ be 
counted as a Radius or Tangent of 45 er. and ſq be 
divided andcontinued as occaſion ſhall be, lr is to 
be noted I ſay, That this Scale thus limitca will be a 
right Scalc for the requiſite motion of the Ellipricall 

Equinodtiall ro ſuch a polition in reſpe of the Te- 
nith poiar,as that ic may repreſent any paralle], whoſe 
Declination is known, if it be removed to the ſame 

 Declination counted upon that Scale. And being 
ſctinthar like poſture, any Azimuth or ſhadow of 
che upright Index that would paſſe tirouga any 
houre point of the Parallel, will alſo paſſe through 
the ſame point of the EquinoGiall, and ſo this one 
may ſerve forthem all. 


This gives the reaſon of making the Zodiac or Annuall 
Scale, mentioned jnthe former Treatiſe, I ſay ir gives the 
reaſon of the ſecond way mentioned for leſſer Latitudes. 
For if cither the Signes of the Zodiac, or the monerths of 
the yearbe pur in according to theirdeclinations taken in this 

Scale, 
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Scale, it will be all one co ſer your Ellipfis to the Signe or 
Moneth, that ir is to ſec it to the Declination, ſince they are 


made oneto anſwer to the other. | 
Then for the firſt way for greater Latitudes : becauſe, 


As the Co-fineof the Latitnde, 
Is to the Sine of the Latitude; 
So the Radius, (or Tangent of 45 £7.) 
 Tothe Tangent of the Latitude. 


You ſce that if you divide the Co-fine of your Latitude 
into 45 Tangents ; or the Sine of your Latitude into the 
Tangent of your Latirude, the Scale will be all one accor- 
ding to the tormer proportion. 

Wha is before ſpoken of North Parallels of Declinati- 
on, is the ſame in South alſo, and one Scale (forthe kinde 
of it) ſerves both ; only in North Declinations the Equi- 
noctiall goes neerer to the Zenith poigte, in South it goes 
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All other Scales annexed to the Ellipfis haye their de- 
pendance wholly upon this Scale of Declinations, and wilt 
not necd any further explicationin this place. 

Then again, it matters not whererhe little Scale or Zo- 


+” diac ſtands, ſo thar ir give the juſt quantity of removall for 


the Equinoctiall Ellipfis. 

And fo allo, it is no matter whether the Index move, and 
the Equinodtiall ſtand , or contrarily : Ir is only required 
that their ſituation be ſuch as may make the foor of the In- 
dex ſtand in a proporrionall poſition co the ſtation'of the 
Parallel, as was formerly ſhewed. 

Further, For the circular year or Zodiac, the ground of 
it is thus. The Circle is ſuppoſed tg be divided-taro<quall 

- | parts. 
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parts or degrees: and ſocvery Sine(as is DF) is a proper 
SInctoany atke (as D C) to which it i1sannexed. Again, 
'A B inanothcr con- 
ſ1Ceration is to be e- 
ſteemed (as formerly 
for theSemidiameter 
of the Circle, ſo now 
again) forthe Tan- 
gent of 23; Ucgrees, 
whence this Propor- 
Lon Will ſtand : 


Asthe Radius AB, 
Is to the Sine F D:; 
Sothe ſame A B,tan- 
pet E322, 
To theTangent AF, 
Whichis theTang©r belonging tothe RightAſcenſionCD. 


[ Becauſe in the Sphere, 


As the Radius, 5 
To the Sine of any Right Aſcenſion, 


So the Tangent of 23; OY 
To the Tangent of the Declination anſwering tothat Right 


Aſcenſion, ] 


If therefore you have the Right Aicenſion belonging to 
any day. and pur it inte the Circle of cquall degrees, as C D 
here is, the Sine of that Right Aſcenſion, viz. F D, will be 
cquallro AE the Tangent belonging to that Right Aſcen- | 
fion, if B A be raken for the Tangent of 23; 7. Sothat 
this way of putting in Moneths and Signes On 
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effect with the former Zodiac or Annuall courſe of the 
Suns. + 
Thus far for demonſtration of what was hard inthe firſt 
Section, Pag. 8, &c.cor.cerning Horizontall plains. 
 Whar isadded more in che firſt Scction of framiag it to 
other plains that are dire, is the ſame wich this. For there 
is no difference bur only in the latitude of the plain, which 
js no 1e.ll diſcrepance from the former , they boti: going 
upon one ground, and therctore no more to be ſaid here of 


fuch plains. 


'- 


"Y 
7 


Seh. 2. Pas. 26,06. 


Off framing it 1. Dec.ining Pl:ins. 


Eclining plains, if they had their proper houres up 
D on them, would alto (in _ Ellipticall reſpect) be 
the ſame with the former dixect , or Horizontall 

lains. The diſtinction is, bccaule they are made toancoe 
ther Meridian than is thicir own, that 1s, to the Mcridian of 
the place, andall the account of houres is dediiced from it, 
The difference taercfore of theſe trom the former, is only 
this, that the houres in the Ellipfts are nor evenly fitted to 
the quarters or diameters of the El'ij-{is, bur fall to ſtand as 
caſually chey may. Now if in the former ciſe of Horizon- 
ta l plains, you do but ſuppoſe the Equinottiall and Paral- 
lels to be divided from any caſuall Meridianas P M (nor 
P A) into houres and parts, then will follow ſtillche ſame 
things in ſubſtance that was before. Namely,- Thar it rhe 
Equinoctiall Circle be removed according to A G _ 

EE. mu 
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muſt be ſuppoſedro be ſuited ro the Latitude of the place 
as well as to the Suns paralle] of declination) with rhoſe 
diviſions now ſpoken of, then ſtill, when the Equinouall- 
by that motion hath got a like ſituation to the Parallel, the - 
parts of one will be anſwerable to the parts of the other, in 
reſpe& of the ſhadowsor Azimuths thar are caſt from the 
Zenith point = math Index ſtanding init at Z. So that 
even in theſe plainsalſo, the ſame houre will be ſhewed b 
the EquinoRiall that would beby the Parallel. Ando the 
ground is (in theſc) like (rather the ſame) in ſubſtance with 
the former dire plains. So much of theſe. 


—_ Ee em 


SEQ. '3. Par. 29, ec. 


Hat pricking down of the Horizontall Diall men- 
| tioned inthis Sectton, is the pricking down Of rhe 
EquinoQall with its houres or parts, juſt as the Or- 
thographicall ProjeRion it ſelfe hath them. The firſt Ta- 
ble ſhews what Angles or upon what Azimuths from the 
Meridian every houte point lics. The ſecond gives the Al- 
titudes, or rather thediſtancesof the ſame houre points from 
the Zenith, And therefore no more will be required of this. 
The fourth Sed770n requires no explication nor Demon- 
ſtration. 


—_ 


Se. . 5. Pas: 37, Ofc: 


Or the varieties it muſt be known , that the ſubſtance 
is the ſame with that which went betore , which being 
well underſtood will give light enough to this. 


Bur :o 
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Bur in this SeZ/on there is mention made of a Circle (ins 
ſeed of the Horizontall Ellipfis) elevated tothe height of 
the EquinoRiiall. The reaſon of that will beſt be ſecn our 
of the Sphere it ſelfe, Forthere we know, thatthe Equino- 
Qiall and all the Parallels to it are both equally divided, and 
equally elevated , and ſo being all alike, the Equinocall 
may ſupply the room of each and all of them. Only it 
mult be required (whether the Index move toward the Cir- 
cle; or the Circle towards it)thac this motion (it the Zodi- 
ac beupon the Horizontall plain) be limired by an Hort- 
zontall Zodiac, ſuch as was uſed for the Ellipſ1s upon any 
plain, (which plain, whar ever it be, I now count as an Ho- 
rizontall plain.) Burt if the Index be made to move upon 
rhe EquinoQtiall (which though ir do, yet it mult ſtill lic 
in the Zenithline, not perpendicular to the circular plain,bur 
| making an angle with it equall to the Latitude of the place, 
and nor the Latitude of the plain.) If, I ſay, the Index be 
made to move upon the Equinoctiall plain, then muſt a new 
Scale be made like tothar upon the Horizontal plain, bur 
ſomewharlarger , that is, it muſt be augmented ſoas thar 
the parts and whole of the Horizontall Scale, to the parts 
and whole of this EquinoQiall Scale; muſt be as the Radius, 
to the Co-ſccant of the Latitude, Or thus. Becauſe, As 
the Radius, to the Cosſecant of tlic Latitude; ſo the Sine _ 
of the Latitude to the Radius : and ſo again , the Co-ſineof 
the Latirude, to the Co- tangent of the Latitude, Therefore, 
whereas on the Horizontall plain (for the Ellipfis thereon 
deſcribed) you looke the Co-ſine of your Laticude , and 
makeit a Radius or Tangent of 45 gr. you muſt in this rake 
the Co-tangent of your Latitude, and make it a Radius or 
Decimall Scale; and by it you may pur on the Zodiac or 
moneths as was preſcribed before. This Co-fine mentioned 
BR : before 
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muſt be ſuppoſedtobe ſuired to the Latitude of the place 
as well as to the Suns parallel of declination) with thoſe 
diviſions now ſpoken of, then ſtill, when rhe EquinoRiall 
by that motion hath got a like ſituation to the Parallel, the 
parts of one will be anſwerable to the parts of the other, in 
reſpec of the ſhadowsor Azimuths thar .are caſt from the 
Zenith point and uprighr Index ſtanding init at Z. So thar 
even intheſe plainsalſo, the ſame houre will be ſhewed b 
the EquinoRiall that would beby the Parallel. And ſo the 
ground is (in theſe) like (rather the ſame) in ſubſtance with 
the former dire plains. So much of theſe. 


— 


Sect. 3. Par. 29, Ofc. 


JF pricking down of the Horizontall Diall men- 


tioned inthis Seton, is the pricking down of rhe 
EquinoQuall with irs houres or parts, juſt as the Or- 
thographicall ProjeQtion it ſelfe hath them. The firſt Ta- 
ble ſhews what Angles or upon what Azimuths from the 
Meridian every houre point lics. The ſecond gives the Al- 
titudes, or rather the diſtances of the ſame houre points from 
the Zenith, And therefore no more will be required of this. 
The fourth SedZ0n requires no explication nor Demon- 
ſtration. 
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Se... 5. Pare. 37, fco-. 
F Orthe variettes it muſt be known , that the ſubſtance 


is the ſame with that which went before , which being 
well underſtood will give light cnough to this, 
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Bur in this SeZZ/0n there is mention made of a Circle (ins 
ſeed of the Horizontall Ellipfis) elevated to the height of 
the EquinoRtiall. The reaſon of that will beſt be ſecnour 
of the Sphere ir ſelfe, Forthere we know, that the Equino» 
Qiall and all the Parallels to it are both equally divided, and 
, equally clevated , and ſo being all alike, the Equinocuall 
may ſupply the room of cach and all of them. Only it 
mult be required (whether the Index move toward the Cir- 
cle; or the Circle towards it)thac this motion (it rhe Zodi- 
ac beupon the Horizontall plain) be limited by an Hort- 
zontall Zodiac, ſuch as was uſed for the Ellipfis upon any 
plain, (which plain, whart ever it be, I now count as an Ho- 
rizontall plain.) But if the Index be made to move upon 
che Equinoctiall (which though it do, yet it muſt ſtill lie 
in the Zenith line, not perpendicular to the circular plain,buc 
making an angle with it equall to the Latitude of the place, 
and not the Latitude of the plain.) 1f, I fay, the Index be 
made to move upon the Equinoctiall plain, then muſt a new 
Scale be made like tothart upon the Horizonral plain, bur 
ſomewharlarger ; that is, it muſt be augmented foas thar 
the parts and whole of the Horizonrall Scale, to the parts 
and whole of this Equinouall Scale; muſt be as the Radius, 
to the Co-ſccant of the Latitude. Or thus. Becauſe, As 
the Radius, to the Cosſecant of lic Latitude; ſo the Sine 
of the Latitude to the Radius :.and ſo again , the Co-fincot 
the Latitude, to the Co-tangent of the Latitude. Therefore, 
whereas on the Horizontal plain (for the Ellipſis thereon 
deſcribed) you looke the Co-ſine of your Latitude , and 
makeit a Radius or Tangent of 45 gr. you muſt in this take 
the Co-tangent of your Latitude, and make it a Radius or 
Decimall Scale, and by it you may pur on the Zodiac or 
moneths as was preſcribed before. This Co-fine mentioned 

| K 2 | before 
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before was taken to the greater Radius, of rhe Ellipfis, and 
{o this Co-trangent here mentioned muſt be taken to the 
(ſame greater Radius of the Ellipſis, if the Ellipfis were 
here uſed, or to the) Racius of the Equinoctiall Circle, 
whoſe Radius muſt be conceived to be the ſamewirh the 
? greater Radius of the Elliplis, For from this Circle proje- 
Red Orthographically (char is , by perpendiculars ler fall 
trom the Periphery to the fubjacent plain) is the Elliplis de- 
duced, and from that Ellipſis (again) is this Circle raiſed or 
reſtored. And ſo thereaſon of this Circular Diall withan 
uptight Index will be underſtood well enough. / 

Then whereas it is {aid that it makes no iter which 
way this Circle be raiſed, thac is, whether roward Notthor 
South, there 1s nodifhculty in this, for which way ſoever 
it i5turned, if theplainand center of it lie in a juſt diſtance 
from the Index or Zenith line , the ſame Index muſt thew 


the ſame point or houre, becauſe in both wayes they are ſitu- 
ated from jt upon the ſame Coaſt. 


Aha, 


. 
, 
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E Sea. 6. Par. 47, Ofco 
dit which is here done will not be difficult, if it be 


conſidered that whar is aimed at, hath relation ro 

Srofflerizs Aſtrolabe : and thar here one Ellipfis muſt 
ſerve torepreſent every Almicantar. Tpurpoſe nor tore- 
peat any thing that is before ſaid : and the rather becauſe 
this StruQure will nor be ſo expedient and ready in ſome 
uſesas could be wiſhed. They. that deſire the reaſon of ir, 
may fetch it out of this that hath been already ſaid : which 
mayÞe.done withour any great labour, 
4 4-0 SECT: 
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| SECT. VI 


1. How to draw and divide the Ellipfes 
upon any Plain, to an Index that ſtands 
upright (not to the Plain, but) to the 
Zenith line of the place, or perpendicular 


to the plain of the Horizon, 


FIEAAS is my be done artificially by calculation, 
2 P I lj or by a lineary way, bur not without too 
PAN KC Y much trouble and incumberance, which 
A&A RY would deter any man quice from-putting 
dag EI] itinpractiſe . I ſhall therefore ler that way 
TR—ae—— alonc, and fall upon another more teafible 

and dclightfull. 

The way that I intend, is partly by projeion of ſuch 
lines as are uſefull, and partly by inſcription of fuch points 
as the Elliprticall line is to paſſe through , as ſhall be ſeen 
hereafter. And therefere we ſhall nor need to looke after 
any poſiticn of the plain in reſpect of declination or leaning. 

Bur firſt in generall note thus much; that the Ellipricall 
Diall cannot poſſibly be drawn upon any plain thar lies pa- 
rallelto the Index. And conſequently to theſe upright In- 
dexes there can no ſuch Diall be made upon any upright 
plain, Andrherefore again ro ſuch an Index , ir is requiſite 


that the plain make ſome kinde of angle in reſpet of 
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Reclination or Inclination from the Zenith line towards the 
Horizon, which poſition (notwithſtanding) we ſhall have 
nothing todo withall in this way of working. 
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2. The manxer of the work. 


I. 8+ the plain be A B C, andthe upright Index A D. 
Firſt rhen, aſſume any point in the Index as at E, and 
from thence (by rhe projecting Quadrant, or ſome Levell) 
caſt an Hotizonrall levell lineas F G upon the plain; or if ic 
cannot be caſt upon the plain ir ſelfe, ſer any board (for a 
time) thar may receive it; lying in the ſame Levell wich the 
aſſigned point ar E. And furcher, the ſame Horizonrall line 
muſt be continued and returned about the point E, by help 
_ ofthreeds ſherched out from ſome points or other of the 
Hortzontall line before drawn, as from F or G, unto:wo 
ſupporters ſer up (for a while) for this purpoſe (either upon 
the plain or otherwiſe neer rot) as isto be ſeenat Hand 1: 
ſothat now the points HF GT are all in one and the ſame 
Horizontall levellro one another, and likewiſe to the firſt 
point of che Index affumed ar E. 
2. Arſomeconvenienttime of the day, when the Azi- _ 
murth may be found diſtinaly, obſerve where the ſhadow 
of the Index cuttech the Horizontall line, ſuppoſeart K, 
—— make a mark, and immediately rake the Sans Al-- 
rtude, 

3. By the Suns Alticude obſerved , compute what Azi- 
muth the Sun was then in, which will tell you what Azi- 
muth the obſerved point K (in the Horizoncall line) doth 
repreſcar.. 

4+ Takca Paſtboard as E L, and fir itto the Hori 


a 
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line of the plain F G, and totheaſlumeudcenteract: and 
axplying ito its proper place (as 11 the figurets repreſented) 
drawa line fromthe point K rothecenter E, quite over the 
paſtboard. And then knowing wha Azimith tt is, you 
may (from ir) ſer off the Meridian in the trur oft of ir, 
ſuch as will be anſ{werable to the heayers, which Meridian 
linc ſuppoſe tobe P E upon the Paſtboard. 

5. Youarencxt of all, from this Meridian line PE, to 
{ct off all the other houres of an Hotrtzontall D12il wnorthe 
common Horizontall Diall, bur) according to fucl num- 
bers orarks as are expreſſed in the Table ot Angles, Paz. 
29.) And when this is done upon che Paſtooard , as you 
ſee doneat oPqxs 7 nv: Then, 

6. Apply the Paſtboard to its former poſition uponthe 
plain, anc from thecenter E projet the houtres from the 
Paſtboard ro the Horizonrall line and threeds. And then 
raking away your Paſtboard , you may draw lines from A 
ro ſuch pointsas are inthe Horizontal lineiclelfe, as A o, 
Ap, Aq, Ax, As, Ar, As. And for che others thar 
ſtand not upon the Horizontall line of the plain , but upon 
the threeds whiciz are ſ{cparate trom the plain (ſuch as are 
* p7) you may project them by the Index AD, repoling 
the {ame vponrhe ſaid points (; > 7) of the threed; and 
marking where the ſhadow or appearance of the rhreed 
rracerh the plain, chere draw the lines A m, An,Au. And 
ſozll che lines (that the plain is capable of ) may be drawn, 
And its to be norcd, thar theſe lines {o drawn are not ſuch 
houre lines as uſually are upon other Dials, but they are 
thoſe Azimuth lines in which the Sun is ar every houre of 
the EquinoCtiall Circle, So the houres and quarters may 
be put in by the Table, 24g. 29, and the Column of Angles 
in the ſame Table. 
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. Lookeagain into the Table Pag. 29, forthe 
Coluinn of Alcirudes, tor by that muſt the Ellipſis 
it {<lte be deſc:1bed,, for the former Azimurhall- 
hoare lines will giveir checrue diviſions into 1tsre- 
quilite parts, Tie manaer of the diviſionis this, 
Makea Scale of gorizhrc Sines, but number rhem - 
verſedly, asis here exprefſed. And ler the Scale be a 
of a fit bigneſte-for your plain, which your own 
judgement muſt Cdiret you ro do, Out of this 
Scale (ſetting alwayes one foor of your Compaſſes 
in the point of go) take ſuch Alticudes as are(in the 
Table) appropriated to every houre \ and put them 
intothoſe {everall houres in this wiſe. Suppoſe - 
,.. the altirnde for 12 aclock wereto be pur in, which 
alticude is 38 gr. 30 min, with my Compaſles I take (in this 
Scaleof Sines} ftramgo to 38 gr. 30m72. and: one foot of 
th:t length I pur into the line of 12, namely P A upon the 
p'ain, and (alwayes kecping it upon fome part of rhar line) I 
remove it thereony neerer to, or further from the center A, 
ti! the other foot of the Compaſles being turned abour will 
juſtly rouch che edge (or fiduciall line). of the Index. Then 
L diligently obſerve where, or in whart point of the line P A 
the firſt foor ofmy Compaſſes ſtayeth, forthar is the point 
through which che Ellipſis muſt paſſe upon the houre-line of 
12, d0forany other houre (and the intermediate quarters) 
| taking their alticudes , ({ct down in the Table) out of the 
| ſame Scaleof Sines, and inſerting them inthe ſame manner 
as was ſhewed before, you thall ftindeall che points (for eve- 
ry houre and quarter) through which the Ellipfis is ro be 
' drawn. Through theſe points therefore you muſt draw ix 
carctully, as one continued line, wichout any breaches or an- 
glcSinit. | 
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3. Concerning the motion that is to be made either 
by the Index,or bythe Eliipfis it ſelfe. 


He motion muſt be made according to the 12 aclock 

line, which 1s alwayes the proper Meridiantothe In- 
dex or Zenith line. Thar is, the remoyall or ſliding. muſt 
be cicher in the Meridian it ſelfe, or elſe parallel to ir, 

Now if the Diall it ſclfe be made to ilide upon the plain, 
that is, if the Ellipſis be to be deſcribed upon another plate 
thar ſ1.a'] ſlip over the former plain, then muſt this place be 
firſt ot all laid faſt. upon the plain, and the houres and Ellip- 
ticall line muſt be deſcribed chereon in the ſame manner thar 
was ſhewed before. And this plate muſt move inthe Meri- 
_ dianline, that is, the 12 aclock line of the plate (being ima- 
gined to be continued forch right) muſt move through rhe 
fiducialledge of the Index. 

And ſoagain, It the Diall be drawn upon the plain it ſelf, 
and the Index be made to move (the Dll it felfe ſtanding 
ſill) then muſt care be had that the fiduciall edge of the !n- 
dex do preciſely move in the Meridian or 12 a clock line, 
and that the ſame Index move alwayes preciſely upright in 
the Zenithline. | 
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4. Concerning the Place of the Suns Annuall 
| courſe or Zodiac. 


T>" place of it may be beſt upon the plain. Ir muſt 
 ſtand(if ir be inſcribed intoa ſtreight line) parallel] rothe 
line of x2, and needs not co be inor upon the ſaid line. The 
moycrGyhether plate or Index) muſt have another pres 
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Index in it, called heie the Zodiaca!l Index , by which it is 
to be reRified accorving to the time of the year, If the 
Zodiac be put into a Circle (as i> mentioned Pag. 75.) then 
that Diameter (of the Annuall Circle) which pafleth from 
---ug to Tropick, muſt be cither in or parallel rothe line 
Of 12. 


5. Of what limitation or length the Zodiac mnſt be, 
and how to be deſcribed, and where to be ſet. 


T muſt beregulated by the former Scale of Sines mentio- 
ned P:g, 73. For you may take from go (intnar Scale) 
tO the number of the Laticude of your place (not comple- 
ment as that Scale is numbered) and count that lengthasa 
new Radius. Untoth's new Radius fince the Secanr of the 
Meridians inclination (which what it is ſhall be preſently 
ſhewed in the 6 Propoſition following) and then make this 
Secant to be a Tangent of 45 gr. and out of that Scale of 
Tangents take 2 3; gr. for that length being ſer both wayes 
fromthe Equino&all, will give the length of the Zodiac 
(in aſtrcight line, or the Diameter of rhe Zociac pur into a 
Ciicle:) this work is to be underſtood for the deſcribing of 
the Zodiacall Scale upon the plain ir ſeife. Bur 'fisſt, you 
are to pi:ch the Equinoctials place, which'is that place only 
upon which rhe Zodiacall Index. lyeth, when.che mover 
(whether plate or Index) is placed in rhe ſame poſition thar 
it had when the Ellipticall line was deſcribed. Now when 
this Tangent of 45 gy. is thus found, you may take the De- 
.Clinutions (in the Tables of the gand 5 Pages: ) out of it, 
-and ſo prick on the Suns yearly courſe, Or-clſe make the 
ELF * 4 fore- 
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Elliptical, or Azgimuthal 
forementioned Secanta Decimall Scale, and out of it take 
the Tangents noted in the Tables Pag.s, 7. So ſhall you 
makerieſame Annuall courſe of the Sun that was prodiiced 
the former way. | 

Noe. that if the Index be made to move, it is not neceſ- 
ſary that it ſhould move upon or parallel ro the ſuperficics 
of the plain, but may be made to moye either horizontall, 
Or at ahy other inclination: only the fiduciall edge muſt 
neceſſarily be made to move in the very Meridian line, and 
muſt alſo bein all motions) alwayes upright, or in the Ze-> 
nith line of rhe place; and therefore muſt ſlide juſt under 
the Meridian line. 7 

Note alſo, Thar the Zodiac though ic be not neceſſarily 


confined to be ſet upon the ſuperficies of the plain, yetit 
willbe moſtconvenicntly limired rhereunto. 


p———_——_ 


6. What the Meridians inclination meaxeth, and 
how to finde the quantity of it, 


BY the Meridians inclination is meant what angle the 
I ſame line maketh with the plain of *the Horizon, and in 
the former figure Pag. 70. it is expreſſed by the complement 
ofthe angle D AP, orthcexcefle of it. To findeit, you 
may either apply the edge of an Inclinatoric ſ{quaretorhe 
. faid Meridian line, and then the threed (being drawn per- 
pendicularly down by the plummet) will ſhew the ſaid cle- 
yation (or inclination) of the Meridian line above the Ho- 
rizon, in thedegrees of the limbe , if the ſame degrees be 
takentothethreed from that fide of the Square that ſtands 
perpendicularly upon the Meridian linc. Or elfe another 
way may be by protraRting or meaſuring the angle DAP, 
wy 1 ; TT, _ which : 
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which is the complement of rhe former required inclination, 
It may ve done thus. Set one foot of your Compaſles art 
A, and let the other foor be extended toany point of the 
Index, ſuppoſe to 8, then meaſure the ſame length A 8 upon 
the Meridiaa line, which ler be A-7, and to this length fic 
your line of Chords (upon the Sector, or ſomelike opening . 
Scale of Chorc's.) Then rake the length from 7 ro 8, and 
meaſure the ſame upon your Scale of Chords, ſo ſhall you 
fiade the quantity of the angle D A Þ, whoſe comp.ement 
(or exceſlc) is the inclination, of elevation, or depretiion of 
the Meridian, whichis here required, © 
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7. Other things to be noted concerning the 
Zodiacall Scale. 


I. "ary Diall be deſcribed upon an irregular ſuperficies, 
: ſuch as is not flat bue wrichen (as by this courſe it may 

very well be) then it is moſt convenient that the former 
Scale be ſer in ſome orher place, and not upon the {upertici- 
es whereontheElliplts is deſcribed. It may be concrived 
tWO WayesS. ©, 

Firſt, If che Dlall ſuperficies (how irregular ſoever it be 
on that face whereon the houres are inſerted) be flat at the 
bottome, and be made to move (the Index ſtanding ſtill) 
upon ſome other plain below it) then the beſt way will be 
ro makethe Zodtacall Index upon the moving botrome of. 
it, and ro deſcribe the Zodiac upon rhe other plain upon 
which the motion is made. And to dothisaright, you muſt 
project the Meridian lineupon that nether plain , and finde 
out the inclination of it, and ſo finde the Scale by the Se- 
cant of char inclination, juſt as you werebefore direted, And 
ſothis work will becompleat, . The 
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The motion of dials unequall Superficies mult be 1n or pa- 

rallel to this laſt projze&ted Meridian line, alwayes fo as that 

' the Mcridian of the Diall muſt paſſe through the fiducall 
edge of the Index. 

Secondly , If the Index be made to move (the Diall 

. ſtanding ſtill) and thar the Diall be upon ſome unequiall ſu- 

perticies, ſuchas is unfit ro receive the Zodiac, then rhe foor 

of the Index may have it inſcribed upon it. Now 1n this 

caſe of unequall Superticies, ir 1s ſuppoſed that rhis foor 

of the Index cannot move paralle] co that uneven Superfici- 

es, bur muſt move ftreight forward in ſome right line, juſt 

along withthe Meridian lincs In this caſe you miſt finde 

the inclination of the foot of the Index to the Horizon, 

that is, what inclination a line drawn upon the foor of the 

Index, citherin or parallel to the Meridian line, hath to the 

Horizon, which muſt be done by ſome Inclinatoric Inſtru- 

ment, or ſome ſuch way as is uſed in taking the Reclination 

or Inclination of Plains. And when this is done, you arc 

to finiſh the Zodiac Scale by the yecant of thar inclination, 

in the ſame manner as was before ſheweds _ So much for 

this. 

2. Fortheother Scales of the Suns Declination, Am- 
plitude, Aſcenſionall difference, and graduall motion in 
the 12 Signes, they are to be doneintheſclic ſame man- : 
ner, and by the ſame Tables as before (without any diffe- 
rence) after that you have found your Tangent Scale or De- 

cimall Scale our of which to deſcribe them. 
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8, Another Obſervation, 


 Ccording to that generall obſervation Pag. ; 5. Note 
here; That if ro an Index ſtanding inthe Zenith line, 

a Plain be ſer inthe Equinottiall, the ſame plain ſhall have 
a Circular Diail upon it, equally divided, Then whecher 
rhe ſaid Equinoctiall plain or the Index move, ifthey be 
made to move upan the Horizontall plain, the Zodiac for 
the Horizontall plain muſt ſerve, Bur if the upright (or 
Lenith line) Index be made tro move upon the EquinoRiall 
lain , the former Horizonrall Zodiac muſt be ſer upon the 
EquinoRiall plain, and muſt there be enlarged above the 


Horizontall Zodiac, that ts, every part of the Horizontall 


Zodiac muſt be made greater upon the EquinoGiall plain in 
roportion as the Radius to the Co-ſecant of the Latirude, 
Thar is, the Scales that made the Horizontall, being taken 


as Radius, muſt now here be enlarged co be as Co-ſecant 


of your Latirude; and from them (ſo calarged) muſt the 
parts of the Zodiac be inſcribed upon the EquinoRiall 
lain. - 
, Note further. That for this EquinoGiall plain which is 
ro deſcend downwards from South cowards North, you may 
inſteed of ic ſer another plain quite contrarily, thatis, deſ- 
cending from North cowards South; which will be rhe moſt 
conyenient of the two, becauſe the upper face of this will 
give the houreall the Seaſons of the year, whereasthe other 
will be only for Sommer upon the upper face of it , and will. 
require an under face tor Winter. 
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Hitberto of Ellipticall Dials to all Superſs 
cies whether plain or curved , whoſe In- 
dexes ſland upri2bt in the Fol line of 
 theplace : T here now followetb ſome other 
 direftions how the ſame thing may be done 
t0 any Superficies, and to an Index ſet caſu- 


ally mn any poſrtion whatſ” ever. Dut firſt 
are premiſea ſome uſefull Propoſations tend- 
ing tothe ſame purpoſe. 


_— 
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I. An Inaex or ſtreizht line being ſet caſually, how to 
finde the 7*-clination and declination thereof. 


it ſtand upright, it is free from both thoſe 
accidents, and falls robe the-ſame caſe with 
rhe upright Index before treated of, 
| - Burif ic lic leaning, then is it to be dealr 

withallin this place. 
And firſt for the {*-clination, it is beſt tobe 

taken by ſome inclinatory (ſquare or. other) Inſtrument, 
The manner of the work is the very lame that is performed 
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in i ind the = arfon of a plain: becauſe the fduciall 
e Index is (here)erhgVerticall line of a'>clining 

and the "application of tie Square muſt herebe the 

0 Se that was tligte to the verticall iye of me 


plain, EF)... nor d of tion. 

in both . okay, wi Is u he : 

| to make repetition of | har which is ſd often ciſwhers; decla- 
red. Younrchere alfo egbſetvowherhst rhe 2-clittaſho 


Then forthe Mar ape, do tits. 
Syppoſethe Index to be A B, Erom 
os end of it that is furrheſt from rhe 
fall ot raiſe che per- 
C,undletB.Cbe _—_ 
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to this threed DE apply ſome upright plain or matcriall ob - 
je which may ferve the intended work. 
To this new plain therefore,or to the twolines A-B,CD, 
_ apply one of the ſtreight edges of a Quadrant, rthelimbe 
of it being turned alwayes rowards the Sun, andobſcrve 
rhe Horizontall diſtance of rthe:Sun, as is uſually done in 
finding the declinations of plains. Only here take this.cau- 
tion ,that you count not this Hgrizontall diſtance from that 
ſide of che Quadrant which is perpendicular to the plain, bur 
from that fide which lies in theline E D, or upon the rwo 
lines A B, B C. And furcher, you are alwayes to account 
this Horizontall diſtance from thar end of the Quadrants 
ſide which lookes the ſame way that the point B (of the In- 
dex, which is furtheſt remotefrom the plain A C)doth look: 
as in the ſecond figure isexpreſt, where the Horizontall di- 
ſtance is morethana Quadrant, it being there to beaccounted 
fromFtoH. Or for morceafte conceit , you may alwaycs 
ſuppoſe your Quadrant in that poſture to be continued to a 
Semicircle, as is done in the ſecond figure : and then count 
our Horizonrall diſtance from that term of the Semicireles 
Diners: which reſpeQeth the ſame coaſt of the heavens 
with that point of the Index which is moſt remore from the 


plain, whicn1s B; that is, you muſt count it from F, and ſo - Fo 


the Horizonrall diſtance will be FG H, more than a Qua- 
drant, in this particularcaſe. 

TheHorizontall diſtance being thus accounted and ob- 
ſerved, you are immediately to take the Suns Altitude and 
to finde the Azimuth. Then for che declination of the 
Index, that is to know into what coaſt of the world, thar is 
mto what Azimuth of the Heayens (it being continued from 
theplainat A infinitcly forwards toward B) it would poine 
inz0:..T fay to finde this, you have only the ſame work ow — 
2 which . 
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hich is uſually done in finding the declinations of- plains, 
the ſame work without apy difference-atalls And therefore 
| ſhall not here give any further dire&iansin this particular, 
becauſe I have doneit often enough inotherplaces, tro which 
the Reader may haverecourſe. = + | 

And ſo I ſuppoſe the poſition of the Index inreſpe& of. 
*.clination and declination $0'ibe fully found out, both for 
coaſt and quanticy ; by which two things known, we are 
further ro enquire what Longitude from our Meridian, and 
what Latirude the ſaid Index pointethunto, which will-be 
the next Propoſition, 


E Note, that though Icall A Caplain , yet it may be 
any curved Superficies as well as a plain, for the Di- 
all will be deſcribed upon one as well as the other 
indiffereatly, | 


2. By having the "*-clination and Declination of any 


right line, t0 finde the Longitude and Latitnde 
thereof, 
T His ſhall not here be 
L much ſpoken of: for Ic 


j 


we may ſuppoſe the In- 
dex A B in the firſt Fi- 


gure ,. to point up to O Jp 

in this Projetio(where- >> | 

in the Horizon is NE —_—_ 
W S, the Zenith Z, the _———__ 
North Pole P) and that 


the reclination ZO, with =\ /* 
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che Declination O ZS, or O Z P be known, together with 
Z P the complement of the Latitude of your place, ſo ir thall 
be cafe thereby to findethe fide O ÞP, whoſe Complement 
isthe North Latitude, or whoſe exceſle isthe South Lati- 
rude required: andrhe angleat Þ will be tound alſo, which 
is chedifference of Longitude ſought for, 

Now in the ſecond cafe before given where the Index 
points downwards, or underthe Horizon, where the plain 
3s inclining, and ſo looking downward, we may ſhape the 
Projection a little otherwiſe, and the work then will be as 

caſie as the former, Let 
aESW bc the Hori- 
zon, »the Notth, Sthe 
 South,P the South Pole 
N the Nadir point op- 
poſite tothe Zenith, O 
the point or place to 
which theIndex reſpeR- 
cth. In the Triangle N 
P O,are given, N P the 


tude of the place, NO 
the inclination of the In- 
dex; and P NO thede- 
clination of the ſame In- 


dex, by which we may finde-P O, whoſe complement is 
the South Latitude, or whoſe exceſſe is the North Latitude 


required: and the _ at Þ will be found, which is the 
difference of Longitude here ſought after. 

The work is cafierothem that underſtand the like work 
in *-clining plains, and may be performed cither by calcula- 
tion, or cl{c Inſtrumentally , as cvery 'one ſhall like 97 
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” of. And this is all chat needs co be faid of this parti- 
* cular. | 
[- © os : : : = 

. 3. How t0 finde a Meredian line, andio ered airuc AxE 

: of the World fromthe foot of the Index, 

He foot of the Indy 7 [1 chat point where the Index 
enters into the Dial8perficies, whatſoever char ſuper- 


ficies be , whether plain & curved. As in the two former 
toy rhe poinr”A. 
ac A, ſet ſome upright threed 
which may repreſent th nith-line of the place, as is robe 
ſeenin that Figute Pag SW, and is there repreſented by the 
line A D. Then one way will be to make aſe of ſome orher 
Meridian line, obſerving when the Sun comes to it, andar 
the ſame moment ro note out the ſhadow caſt by theline 
AD, for that is the Meridian line. Bucthis is for ſuch ſu- 
perficies upon which the Sun comes ar noon: and ir ties a 
man to the Meridian moment, But without this we may 
(according ro the four firſt  — {er off the Meridian 
line P E upon the Paſtboard, and by the Zenith-line A D 
you may project it uponall objects that ſhall ſtand or be ſet 
in the way. Forwhich > e you muſt place ſome obje 
= that Coaſt of A D upon which any one of che Poles 
of theWorld may be projeced,andalfoelevared above your 
Diall ſuperficies. And upon this obieR projeR rhe Meridi- 
an neer that place whereabour you conjecurethe Axis ofthe 
World will paſſe through. Then with your Semicircle-(or 
projeting Quadrant rather) projet the Axis of the World, 
as is _=_— inmy wayesof Dialling,and by thatrmear 


You ſhall fiade apointin the formetly projected Meridian, 


figures may be underftc 
- From the foot or po 
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which ſhall repreſent the Pole of the Warld. And then 


- further, if from the foot of the Index at A, to this Pole, 


you faſtema thrced , the ſame threed will repreſent therrue 


- Axis ofthe world comming from the foot of the IncCex. 


A — — mm It AO A 
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. 4» Having an Axt 7aiſed from the foot of the Index, how to 


« finde in what Longitude and Latitude the Index it ſelfe 
tyerh, by a way eaſier and differing from the former, 
without looking after any '*-clination or 


declsgation of the ſaid Index, 


TPHicvay will not prove (perhaps) ſo good as I expected, 


"& eſpecially in the Longicude, and thexefore the former 
may be uſed. 
The former way that Iuſcd was troubleſome enough for 


. effeQing of what wasby it intended, which is the cauſethar 


I ſhall here endeavour to give another more eafie. 

Lerthe Diall ſuperficies be ſuppoſed to have upon it an 
Index, an Axis truly placed, iſſuing from the foor of the 
Index, with a Meridian line projected alſo to, or direly 
underthe ſame Axis, according as was done inthe work of 
the preceding Propoſition. ; 

Firſt then, for the Latitude of the Index , ir is but enqui- 
ring what angle is contained between the Axisand the In- 
dex, andthe thing iis reſolved. Now to do this, for the 


. manner of ir, we may ſuppoſe A B tobe the Index, and A 


z 


X tobethe Axis, Opening therefore your Compaſſes to 
any extent, ſet one foot of itat A, and ſuppoſe the other 
to reach up to m upon the Axis, at which point #» faſten 
ſome knot of threed, which may firſt be put on, and then 
Jipped tothe point of the Compaſſes ar, So again, ſer 

: | | = 


_ >», 
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* 
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on the ſameexrent from A ro » uponthe Index. andat »- 

faſten another knot of threed. Then alſo to the ſame ex-- 

rent open the Radius of a line of Chords. Wheathis is 

done, take the diſtance betweenthe two knots mw and », and 

meaſuring itupon rhe ſame lineof Chords, you ſhall firide 

what angle-is contained berween X A andAB. If AX 

therefore point from A towards the- North Pole, andthar 

X AB beleflerhana Quadrant, thendorhthe complement 

of that angle XA B give the North Latitude whercinto the 

Index pointeth-;- but if X A B. be motrethana Quadrant, . — ©® 
. EE WME.ATY 
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then doth the exceſle give thac South Latitude whereinto 


the Index pointech. And ſocontrarily, if A. X had pointed 
from A towards the South Pole,thentheangle X A B being 
leflethan a Quadrant would give the quantity of South La- 
titude: but it X A B had beengreaterthana Quadrant, then 
rhe exceſſe would give the North Latitude into which che 
Index tendeth. | 
All the difficulty in this work is, that thereis no ſtable 
place whercon to fix the Compaſſes for meaſuring of the 
diſtance between the two knots »s and » - but you may 
hold fomrhing underneath cloſc to one of the points (with- 
out diſturbing thethreeds place) on which ſerting one foot 
of your Compaſles, you may meaſure the diſtance of the 
other point, Or elſe, becauſc ir is ſuppoſed that the threed 
Axis AX is fixed upon ſome folid thing at X, you may 
open your Compaſſes ro the Radius A X (to whichalſo you 
_ areto havea Radius of Chords cquall) and ſet the ſame cx- 
'tentfrom A ro R upon the Index (prolonging the Index if 
need bebyathreed till it come to be of acompetent length) 
and therefaſtena ſlipping knor, Then becauſe X isa ſtable 
| point, you may take the extent from X (ſetting one foor of 
your Compaſſes inthat point) ro R, and meaſure the ſame 
upoi1 your Scale of Chords, where «will give the former 
eX AR, which is cobeuſcd as is ſhewed before. 
There will be foundother wayesto do this laſt work. So 
much therefore for the Latitude. 
— Secondly, For the Loagitude of the Index, ic will not 
be ſo eaſily hadasche other was, The way that belt likes 
me (amongſt many others) for the preſent, 1s this, By the 
Precepts, Pag. 70, you muſt make ſome obſcryarion of the 
_ Suns Azimuth (and ſo niwſt you allo do by the laſt prece- 
denterepofition) and you finde wha Agimuth thar is obs | 
+ | ou | 
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You may alſo (further) projet it upon your Diall ſu perfici- 
es, and then you have two Azimurhs upon che faid fuperfi- 


 Cies, namely, the Meridian, and the oblerved Azimuth, 


You are to know yet further, what Alcicudes che EquinoRi- 
all hath upon theſe rwo Azimuths. And for the Meridian 
it iscercain enough thac the Alticude there , is cquall co the 
complement of your Latirude. For the other Azimuth ſay 
thus. 
As the Radius, 
| Is tothe Co-tangent of your Laticude; 
Sois the Co-fineof your Azimuth, 
To the Tangent of the EquinoRtals altitude upon that 
Azimuth Circle. | _— 
After this you muſt make ſome mark or knot upon your 
Axis A X, which ſuppoſe tobe atm, and then wich your 
pomens Quadrant (upon your Meridian and Azimuth) 
om the point »», ſer on the reſpective EquinoQiall Alti- 
—_— as the manner of projecting by that Inſtrumenruſcrh 
to be, 

Next, you muſt projet this EquinoQall Circleall over 
the Diall- ſuperficies (and upon ſome other objets where 
need ſhall be,) ſuppoſeir hereto be the lineS V. 

And furthermore, youare to projet the Axis A X, and 
the Index A B, one upon the other, andrto obſerve the line 
that they both (in that poſition) do make upon the Diall- 
ſuperficies, and other objc&s if need be. I ſay you muſt, 
firſt, principally obſerve chis line, for ir is the proper Meri- 
dian line tothe Index or Zenithline A B, becauſe ic paſſerh 

(quoad ſuperficiew) through both the Axis of the wo1ld 
and the Zenith line. Suppoſe it in the former plainto be 
A®©. And ſecondly you muſt note the interſection that this 
lin® makes with the EquinoRiall line which was now pro- 


N jected, - 


"Ellipical, or Arimmbal 


jeRed, which we may imapme tobe ar V, npon fome object 
Jaid inthe ”"y of purpofe. And ſoalfo you muſt (thirdly) 


rakenotice of che rmcrſeRion of rhe EquinoRiall line with | 


the Meridian tine, which ſmppofeat S, For thefe rwo E- 
quinoCtiall interfecttons and che poinr »», all chree xogerher, 
muſt do whar we now intends 
The thing here now intended is, to know whar angle ts 
contained betweenthe two ſuperficies X AB, andXAT, 
whichare rwo Meridian circles, or (which is the fame) the 
angleV mS inthe plain of the Equinodtiall, which angle 
meaſures the ſaid inclinationof the two forenamed Meridi- 
ans, as it doth of all Meridians. | | 
Now to meaſurethis angle V zS, the beſt way will be 
” firſt ro extend two threeds., one from V ro »», and the other 
from S rom, croſling each other at», and they may be con- 
rinued further till chey meer wich ſome objeR (in the way 
ſtanding, or clſe ſer for that purpoſe) where they may be 
both fixed as at Fand G. Thea meaſure from $S ro »», and 
from V tom, which is the ſhorteſt, ſuppoſe S ms to be the 
ſhorteſt, and V z» the longeſt, Firſt, rake V mn, andlay ir 
down in aline, as there is done, Then rakeS -z, and mcaſore 
it on the ſame line from Mro Sor D. Thirdly, take rhe. 
diſtance from V to Dour of this line, and ſer it from V to 
D, upon the line V »», ſo ſhall» S and D beequall one tb 
the other. Tothisdiſtancethercfore #- S or »s D asa Radius, 
open ſome lineof Chords, then take the Chord or ſubrenſe 
from Sro D(S is aſtable point upon which you may firmly 
ſer your Compaſſcs)and meaſurethe ſame length upon your 
line of Chords, where you ſhall ſce how many degreesthe 
angleS ms D or S » V containeth, 
ow all this buſineſſe is to finde how grear an anple is 
contained between the South part of the Meridianof the 


place _y 
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place , and the Meridian belonging 1 properly to the Zenith 
line. Bur here(it & be obſerved well) cheangle now meaſu- 
red is made between the proper Meridian and the North 


part of che Meridian of the place, fo thar this angle muſt be 


che ſupplement (to a Semiciecle) of what is required. The 
ſupplement therefore of the angle now found, is (inthis caſe) 
the Longitude or Meridian into which the Zenith line A B 


pointerh. I ſay the ſupplemene of char angle is the proper 


Meridian of the Zenith line; or the difference of Longitude 
proper to thar line, from the Meridian ofthe place. Bur for- 
almuch as the angle V 2 S doth meaſure the inclination or 
angle of this proper Mcridian from the North part of the 
Mccidian of the place, and chat the ſhadow of the Index A B 
doth firſt come to the proper Meridian A O before it comes 
to A T the Metidian of the place: we may therefore in ſuch 
caſe ſay, thatthe angle V 92S gives the difference of Lon- 
girude;and that the ſaid difference of Longitude lies Eaſt- 
ward from the South part of the Meridian of the place, as 
_ there in the Figure it appears to lie Weſtward fram the 
North part. Suppoſe that the differenceof Longitude were 


39 gr. 25 win. and the proper Latitude 4ogr, And fo 


much for this alſo, | = 
It this way be thought nor feaſible enough, the former 
in the ſecond Propoſition may be uſed, yer variety in all 
kindes is delightfull , and nor to be rejected in this. Ir is 
done, youſee, without having reſpe& to any declination 
or ;;-clination, which the former was foundcd upon. 
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5. How t0 forme the Angles at the Pole. 


E | His Propofition makes way for compurtng Tables of 
Horizontall ſpaces , and Equinoctiall Alticudes to any 
Longitude or Meridian differing from the Longitude of the 


Eaft |generall| weſt eaſt igenerall[weſt | | Angles at the | Angles at the 
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place, andto any Latitude differing from the Latitude of 


your place. Afterthar the difference of Longitude is known, 


you are firſt ro frame a Table of angles at the Pole, which . 


will not be hard co perform , and the manner of it will be 
ſcen beſt in an Example, being altogether like the compura- 
tion of the ſaid anglesart the Pole for the houres of any place 
ro the ſame declining plain. 

[ have here firſt ofall ina generall Table ſer down the 

raduall diſtances of houres and quarters from 12 at noon or 
mid-day, which will be ſome help in performing the work. 
The houres that are on the lefr fide of the degrees are the 
Eaſt or forenoon houres, and thoſe on the right handareche 
Weſt or afternoon houres. Suppoſe (as before Prop. 4.) a 
difference of Longitude were given 39 gr. 25 min. towards 
the Eaſt.and if were required ro know what angles our hours 
(namely thoſe 12 that ſtand neereſt roir, ſix upon one fide, 
and (1x upon the other) with their intermediate quarters do 
make with this Longicude or Proper Meridian, for ſo I in- 
'rend tocall ir. 

I firſt rake the given Longitude or Proper Meridian, 
59 er.25 min and enter-it among the Eaſt houresof the 
generall Table, and I fince ir to fall inat A; thatis, between 
a quarterand halte an houre paſt 9 hefore noon, and | finde 
alſo the circumitant numbers to be 37. zortheleſſer, and 
- 41 . 15 thegreater. The differences between theſe rwo num- 
bers and the Longitude given, are 1 er. 55 min. and 1 gr. 
5010. as you ſee them ler down in the laid generall Table 
right againſt che lecter A. | - 

Theſe rwo differences aretobe firlt placed in this ſecond 
Table of Angles at the Pole, as youſce inthe Example, 
where, firſt ofall is writcen Proper Meridian oo . oofepara- 
| ted from the reſt as ſignifying only the place where ic isro 


ſtand, . 
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ſtand, ard aboveit is placed(the difference between 37 . zo 
andthe proper Meridian 39. a5, namcly) 1 gr. 55 min, SO 
again, below it is placed t gr. 50 mir. (which is the diffe- 
rence of 39 gr. 25 mix. the proper Meridian from the next 
greaternumber 41 g7. 15 in.) Now to theſe two radicall 


- Qumbers, 1 adde ; x } and one whole houre, namely 4, 6, 


c, and thereby producee, f, g, on both ſides the pro- 
per Meridian. Thento 7, e, f, ge, Iadde 15 gr. d, name- 


1y, the numberof one haure,and thereby da further produce 


b, s, k, I, on both ſides the Proper Meridian, as before. 
Andafterwards for more eaſe, tothe numbers 7, e, f, g, +, 
i, k, 1, Tadde ;0egr. or two houres, and do thereby pro- 
duce on both ſides the eight numbers noted with the letter 
», And ſo {till adding 3o gr. to the laſt cight numbers no- 
red with w,orclſc adding 60 gr. to the firſt eight numbers 
maccd withr, e, f, g, #,7, kh, |, I ſhall make the eight re- 
maining numbers noted with the letter », both aboveand 
below, on both fides the Proper Meridian. And ſo this 
Table of Angles at the Pole is compleated, for if it ſhould 
(in the ſame manner) be further continued, the nextnum- 
bers (above) would be 91 gr. 55 min. and (below) 91 gr. 
50 win, both greater than go gr. beyond which there will 
be neither need nor expedience to go. 

This way of forming the angles I thought beſt to take, 
becauſe ir is more plain and cafic thanany other, 
which elſe might have been in this work uſed. 

Youarcaftcrward to place the houres (in this laſt Table) 
about the Proper Meridian, juſt as you ſee their order to be 
about theletcer A in the general Table , and as you ſcethey 
are inthis particular Table of Anglesat the Pole. 

Thelike work ſerves for Weſt Longitudes. 

Thus you havethe angles for 1 2 houres and their o"—_, 

che 
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rhe fame angles ſerve for the other 1 2 houres: and whatrſde- 
ver is hereafter compinecd for any of thefe 12 houtres, muſt 
be underſtood to ſervealſo forthe 12 oppoſites, and ſo the 
work. will be done for the whole Circle, or 24 houres of 
rhe naturall day. 


i, 
— 


6. Byknowing the angles at the Pole, and the Latitude of 
the place or Horizon, how to finae the Horizontal 
| Spaces thereto belonging. 


W = muſt ſuppoſe that this Longitude or Meridian 
which we have before mentioned, is proper ro ſome 
Horizon or other . above which alſo'the elevation of the 
Pole muſt be imagined known , wiich we may ſuppoſe to 
be 40 gr. as before, Prop, 4. In reſpe of this plain or Ho- 
rizon it is, that the Spaces now mentioned are called Hori- 
zontall Spaces. | 

The way to finde them for thisEllipticall work is con- 

verſc to that which is uſuall in declining plains. 


Namely thus, : 


Asthe Sine of the Poles clevation above this Horizonor 
Isrothe Radius; CPlain, 
Soisthe Tangenr of cach of cheſe angles at the Pole, 


To the Tangent of the Horizonrall ſpace belonging to eacty 
of rhole foreſaid angles. 


 Sohaving foundall rheſe Horizontall ſpaces feverally by 

' this form of calculation, you may ſer them intoa Table, as 
here you ſecit done in the firſt of the rwo main Calumns.. 
Tifty fignific the diſtances of every of the houres and. 


\ >. 
IR Ba 26 X 


+» 4 i - S-% nw 


- ; A 
H 


——_—_— a, 


" "WS —_— 


Elliptical, or Aximuthal 


quarters from che proper Meridian, and are to be accounted 
as numbered in rhe degices of che ſaid plain or Horizon. 


—_ 
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7. By knowing the anzles at the Pole, and the Latitude of the 


lain or Horizon, how to findgthe Equinottiall altitudes 
or depreſſions ( above or uuder the ſame Horizon) 
ane to the ſaid Angles at the Pole or 
points of the Equinottall, 


T7 proportion by which thisis ro be effected is this. 
As the Radius, | | 


Is ro the Co-ſine .of the Poles elevation above the plain 
or Horizon; 
So is the Co-fine of any of the Angles ſpecified in the 
former Table of Angles at the Pole; 
To the Sine of the Alticude required, and duets that 
angle, or houre (rather) in the EquinoQiall Circle. 


So in the former example. The Latitude or elevation of 
the Pole above the Horizon was 40 gr. the complement of 
thatis 50 gr. whichis the Meridian altitude and depiction 
of the EquinoRiall Circle above and under the ſaid H >ri- 
zon or plain, and is therefore to be'ſer tor-the alticude of 


he proper Meridian, Now, 
As the Radius, 


Is tothealtitudeof 50gr. | 
So is the Co-fine of every angle at the Pole, or arke of the 
EquigoRiall in rhe former Table, 
Tothe Altitude duc thereunto. 
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Ardnotethas 7 e f g #, &c. below the proper Meridian in 
the Table of Angles , arc complements tom17 377, &-c. at 
the top of the Table of Angles: an again,thoſe ref g h, 
&c. above the proper Meridian , are complements ro the 
loweſt » 38.3.7, rc. {ucceſlively riſing in order one afrer 
rhe orher. So that, Asthe Radius, Is ro the Sine ot 56 87. 
S0is the Sine of pq 7>& ce. To rhe Sines of che Alcitudes 
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' belonging ros tv, &c. And lo again, the Sines of wx 9, 
&6.tothe Sincs of the Altitudes belonging co 4 #« ſt, &c. 
And accordingly this Table of Altitudes and depreſſions is 
Calculared, | 

It che Pole be elevated upon the plain or Horizon, above 
50 gr. It will be ſufficient ro compute theſe ewo Tables ro 
haltc houres only, and ſoto ſave halfe your labour. But in 
teſſcr clevations1r is beſt to do it ro quarters, as here is done 
nchis Example, 
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d.. How to finde the proper Meridian line auly belongin t0 any 
Zenith line caſually placed, and to draw it upon the plain, 


Hovgh the 4. Propoſition be not made uſeof for finding 
I ihe Longitude and Latirude(which of due pertaineth to 
any Zenith line) bur inſtead of it the ſecond precedent be 
thought moſt far robe uſed; yer ſo much of the fourth will 
be beſt ro be uſed , as ſhall concern the finding our of the 
proper Meridian line, Thar is, you muſt raiſe an Axis from 
the foor of the Index, asis A X, and then projcaing this 
Axis A X and the Index A Boneupontheother, as it they 
were both one, you ſhall thereby alſo project (by them both 
rogether) the Proper Meridian belonging to the Zenith Jine' 
A B, ſuch as (in the figure of che fourth) is A O,which muſt 
be drawn vpon the plain accordingly. The manner, of all 
the particular workings that do hereunto tend, is fer down 
inthe fourth precedent Propoſition, and therefore will not 
here again need to be repeated. 
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9. How to draw and divide the Ellipſfis into houres aud 
quarters, io an Index caſually ſet, whoſe Latunde 
and difference of Longitude u diſcovered 

by the former works, 


Hen you know the poſition of your Index in reſpe& 

of Longitudeand Laticude, you may thencompure 
ewo Tables to the fame Mczridian or difference of Longi- 
rude, and to the Laticude of your Index, as is done before 
in the 7 Propoſition, one of which Tables is of Horizonrall 
Spaces, the other of Equinodtiall Aititudes or Depreſſions 
above and under that Horizon which 1s proper to the In- 


dex or Zenith line caſually placed. 
By theſe rwo Tables the work will be done in ſuch man- 


| neras was ſhewed before, Prop. 2. The manner of the work 


is this. 

I. Youare to aſſume ſome point in your Index AB, ler 
the point be C. where you may faſten ſome knot of threed. 
that ic may not be loſt again, 

2, From this point you muſt draw an Horizontall line, 
not in the levell of your own Horizon, bur inthat Horizon 
which is proper to that Index or Zenith line AB : that is, 


- Ie muſt lie perpendicularto A B, making right angles (in c- 


very parc of it) to that line, and muſt have refpect (in this 
perpendicularity)tothe point C. The meaning is, you muſt 
imagine aplainto paſſe chrough che point C, and the fame 
plan to. be perpendicular to the line A B; or that the line 
A B isa perpendicular furgent line ta the faid plain pafſfing 
ehrough the point ar C. | 
Now this work will be fomewhar hard to perform if AB 
O 2 be 


— 


- co” 


io  FEliptical, or Agimubal \ 


I 
LAY as 


bea threed only , and 
not of fome more ſtur- 
dy ſubftance. Yer the 
beſt of itis, that there 
ſs no very great pre- 
ciſeneſſe hererequired, 
for the work to be 
done will be good 
rhough this Horizon» 
tall plain be not placed 
- exactly perpendicu- 
ar, 


[ And ſo itmay be noted, thar if other Dials be deſcribed 
by the EquinoGtiall Circte and not by rhe Horizon- 
tall, the work of drawing the EquinoGall perpen-_ 
dicular to the Axis will be difficult , but though no 
oreat accurareneſle be uſed, yer the work will be per- 
fe enough, and no way defettive for the loſſe of a 
degreeor two inthe perpendicularity required, which 
I thought good here alſo to note, becauſe I have 
omitred it in all my other Precepts of ProjeQing 
Dials.] | PE. 


Wherefore you may dvir by ſome Paſtboard, applying 
 oneedge of it to ary linc projected from A B the Index, as 
ro A D, and keeping the edge there, you may turn the flat 
of it tothe Index A B, and draw aline by it, or make two 
pricks through it into the paſtboard, whereby a line may be 
drawn, but above all note the point C uponic. Then to this 
line of the Index thus drawn, and from the noted point of 

it at C,crc a perpendicular: So applying your Paſtboard 
4 | to 


cular to the Index A B. 


—— m—_— - ——_ 
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co its former place again (the edge of it lying upoa A D,and 
the flat of it applyed to the Index A B, and che point inir, 
noted for C, being again ficted ro C inthe Index, I ſay thus 
doing) you may note where the laſt drawn perpendicular 


. doth cut theline A D(which muſt be excendedby helpot 


ſome threed if necd be) ſuppoſe at E: at the point E (then) 
you muſt ſay that one point of the proper Horizonrall line is 
to be taken. Then in like manner you muſt ſecke another 
Horizontall point : firſt by projeRing a line from the Index 
(any where) ſuch asis A F, and by applying one edge of a 
paſtboard to thart line, and rhe plain of that paſtboard to the 
Index A B,and ſo noting the point C,and drawing or mark- 
ing the line A B.upon it, &c. as was done before. So you. 
ſhall finde anocher point of the ſame Horizontal line or plain 
(rather) which fuppoſe to fall at F. 
Now having three points of the Horizonrall plain at C, 
E,and F, (which I ſuppoſe not to lic in one and che ſame 
righr line, for that muſt with carctulnefle be avoided here) 
Y may projet ſome parc of rhar linc upon the plain, as 
F, the reſt of it (ſo much as ſhall be found uſefull) may be 
made up with returns of threed, 
and regulated or kept in the ſame 
plain by projzeion, as the man- | 
ner of working that way uſechto 
be, and as here you ſcc cxpreſt, 
by the line HE F G, lying inthe 
ſameplain wich thepoint C, and 
that whole plain lying perpendi- 


3- The next thing tobe done 
ts the drawing of the houre lines fR= 
upon the plain. And the firſt == 
; thinz 


— 


. - 
bn — _—_— 
——— 
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\Eliprical or Agimuthal 


rhing here preſuppoled to be done, 1s the drawing of tne 
| Proper Meridian, performed by the 8 Prop. That (I ſay) 
_ ſuppoſed as already done before any of this work is begun. 
Let ghe proper Meridian be A V. Having then made Tables 
(by che 7 Frop.) tor che Horizontall Spaces of your hours 
from this proper Meridian A B, you muſt firſt apply a paſt. 
board to the Horizontall line E F, and fit che center of it to 
C: and upon the Paſtboard , projed the proper Meridian 
fomCroAV, orfrom C to Þ. And then by che Table of 
Hot1izontall Spacesin the 7 Prop. (for we now here ſuppoſe 
that this is the Diallfor which thoſe Tables were computed) 
you may (upon that paſtboard) ſer off all the houres and 
quarters from the proper Meridian upon this paſtboard :and 
applying the paſtboard into its proper place, namely to the 
Horizontall line E P F, and to the point C, you may projeR 
the houres and parts of houres from the Paſtboard to the ho- 
rizontall line HE P F G, as the manner in this way of Di. 
alling is well known. SD 
4. Having transferred the houre-points into the Hori- 
zontall line, you may (by help of yaur Index A B) projea 
and draw the houre lines upon the plain, which we will ſup- 
poſe done, becauſe the manner of doing ir is the ſame with 
that which was done before for upright Indexcs. | 
5. Toknow wherethe Eliipricall line muſt come , orta 
 findethe points in thoſe houre lines, chrough which ic muſt 
paſſe, we muſt work in the ſame manner as before(in the 7 $, 
of Pag. 7;.) is ecxpreſt, namely thus. We mult make 3 
Scale of right Sines of a fir length, and number them Ver- 
{edly, and our of that Scale we muſt take ſuch Akirudes 
or Profundities (which you will, one or both) as the Table 
Pag 97. giveth, which Table we herc ſuppoſe to be compus 


ted for this Example whereabout we now are. And wy 
| thele 
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theſe Altitudes from that Scale (that is, from the end ac 
90, tothe altitude numbered upon the parts of che Scalc)we 
muſt inſere chem intorheir reſpective houres ro which they 
belong. They muſt be inſerted inthis manner. Having ta- 
kenany altitude out of the Scale,and tound the houre upon 
which it muſt be placed, you muſt ſcrone foot of that extent 


upon the houreline(keeping it alwayes thercon, but) remo- 


ving it untill the ocher foot being turned abour, may only 
couch the fiduciall edge of the Index: and when the feer of 
the Compaſtes are thus firted, you muſt note upon what 
point of the houre-line the foot that is thereon doth ſtand, 
for through har point of char houre muſt che Elliptical line 
paſſe. DL 
The ſame manner of work you muſt perform upon every 
houte, untill you have gone through 12 ot them, which do 
make up halfe che houres of the whole Diall, And if you 
ſtrike the lines through the center, you {hall haye all che 24. 
And loqke what is done upon any one houre line, che fame 
is to be done upon the oppoſite. That js, looke what diſtance 
(upon a plain) the Ellipſis hath from rhe center upon any one 
line, the felfe ſame diſtance from the center wuit che oppvu- 
fiteline have. Bur ifrhe deſcription be made upon an uneven 
| ſuperficies, then this rule may not, perhaps, hold: yer chis 
will; namely, Looke what diſtance from the Incex (the 
leaſt or perpendicular Index I mean) any point of the Eilio- 


ſis hath, che ſame perpendicular diſtance is to be given for - 


the Ellipfis upan the oppolice houre line, And by this ments 
you may pur inas many houres and Ellipeicall points as you 
pleaſe. Andchrougathele points you are to draw the El- 
lipticall line, > 

a 
10. Co.1er fe 
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10, Concerning the motion that « to be made, either 
by the Index , or by the Ellipfis it ſelfe. 


x Þ He motion muſt be either in, or el1{c parallel co, the pro- 


per Meridian, and not elſewhere. Now if the Diall 
Superficies be made ro ſlide, and the Index ſtand ſtill; then- 


(though the Diall be uponan unequall ſuperficies, yer) the 


motion or ſliding muſt be upon a plain. And it muſtbe up- 


on the proper Meridian, projected by the Index from the 
Diall plate, unto or upon thar ſaid plain , and the motion 
muſt bein cr parallel roic, Andirt muſtbe nored, that this 
proper Meridian thus projeRed never falls directly under 


any Index char is (nor direct but) declining, bur ir falls aſide 


from it, according as the Index ſtands aſide from the proper 
Meridian upon the Diall ſuperficies, and as it ſhall belaid by 
projecting it. | | > 

Bur if the Index move (the Daall ſtanding ſtill) then the 
fiduciall edge of it muſt be made ro move alwayes according 
co, and inthe very proper Meridian line it {elfc, and notany 
where clſe, which may be contrived ſundry wayes, as eve- 

man ſhall invent to his own liking. Great care muſt be 


had that the fiduciall edge of the Index (in the motion of it), 


keepe alwayes one juſtly parallel ſituation. 


II. Of the placeof the Suns Annuall courſe or Zodiac. 


T7 beſt place for itis to be conſidered of according-to 
that which moveth. 
Tt rhe Diall SuperficieMmove, it muſt (though ir be rough 


{as I ſatd before) yer it muſt) move upon a plain , this plain 


there- 
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therefore in this caſe is fitteſt to receive rhe Zodiac, And 
rhen there may a peculiar point or chreed Index(ferving only 
for the Zodiac) be ſer. upon the Diall-moving-plate, where- 
by it may be reQtified according to the cime of the year. 

. Tf the Index be-made to move, then either the Zodiac 
may be ſet upon the foot of the Index which guides the 
motion of it, and the peculiar or Zodiacall Index may be 
ſer ſomewhere where ic may ſtand to point at the Zodiacs 
Or elſe the Zodiac ir ſelfe. may have. its place upon ſome 
part of the ſtanding plate or body, and the Zodiacall Index 
may be placed upon the foor of rhe Dull Index, from 
whence it may be made co ſhew the Zodiacall parts, as oc- 
caſion ſhall be. 


me 


12. How the Zodiac isto be limited in regard of teneth, 
and how to be deſcribed and ſet inits true place. 


Tx limication of ir muſt be- according to the Scale-of 
Sinesby which che Elliplis is deſcribed , which Scalc'is 
mentioned Pag 102. 5.a0d Pag. 73. 7, | 
The Index or Diali plate(char is che mover) muſt-move 
according to the proper Meridian of the Diall Superticies, 
and preciſely ſo,as that fiducial edge-of the Index muſt move. 
(notelſwhere, bur) in the very proper Meridianit ſelf. This 
is, if the Index move. Bur if che Diall Superficics move, 
then the proper Meridian thereof (or the Superficies of the 
proper Meridian, namely the- Superficies made by thep! 
per Meridian oo through the Diall plate, whichas0: 
any thickneſſe) muſt move direQly upon, or througb,xhe* 
fiduciall edge of the Index. Theſe things arcintimatred de- 
fore, And that the Zodiac is to bedleleriped upon-a plain, 


RU 
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dil on both fides from 


though the Diall it felfe be nor ſo. And further , that if 
the Diall plate move, (though it benor a plain ir ſclfe, yet) 


 irmuſtmove upon a plain, and that the proper Meridian is 


to be deſcribed upon the ſame plain , and the motion ro be 
direQed according thereunto. Theſe things are often incul- 
cared, becauſe they are hard ro be conceived, and had nced 
of theberter conſideration for that reaſon. Now further. 

1. If the Diall plate be ſuppoſed thus to move upon a 
plain,and onit the proper Meridian be drawn, then firſt of 
all, T he angle is robe inquired that is made berween the In- 
dex and thar part of the proper Meridian which is projected 
upon the plain whereconthe motion is made, which how to 


- meaſure will bea hard matrer to give rules fur , becauſe the 


variety of caſes and poſitions of one to the other will be ſo 
yarious. Icisfirſt robe ſuppoſed, that ic makes a juſt right 
angle with ir, and conſequently that the Zodiac is deſcribed 
upon the proper horizon of che Index. And if upon this 
fuppoſition the Zodiac be to belimiced , then\the rule will 
bethe fame with the formergiven in the like caſe, namely 
us. Upon your Scaleof Sines (by which you deſcribed 
our Ellipticall line) cake from go, to the Laticude of rhe 
ndex, and count that length for a new Radius, and keepe 
it, Then when you have found the forenamed angle (of 
finding which more is faid Prop. 1 3. following) to this new 
Radius findethe Secantof the complement or exceſſe of thar 
angle: this length or Secant will. be the Tangent of 45 gr. 
or the Deciwail Scale o fare youareto deſcriberhe Zo- 
Equino&all point or line, ac- 

ding tothe numbers in the generall Tables made forthis 
, Pap. 4,5, 6,and7. Tz 
cheEquinoRiall point in the Zodiac (upon 
all che. ocher parys of thar Scate dodeprnd) | 
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you muſt ſer alf in the ſamepoſttitEthar they had 
when the Diall was deſcribed : and when you have 
made fir place forthe Zodiac, and ſer on ſome pecu- 
liar Zodiacall Index, you muſt note the place upon 
| which the ſaid Zodiacali Index pointerh , for thar 
placcis the peculiar place for the EquinoGiall, from 
whenccall che other parts of the Suns annuallcourſe 

muſt be ſet on.) mM 

2. Ifthe Index be made to move in any depth under the 

Diall ſuperficies, then a lic muſt be made inthe fame Super- 
ficies that the proper Mcridian would cur, and the Index 
continued therein, down into one ftreightr line till jr meer 
with the foot whereon the Index is fixed, and which being 
moved, carryeth che Index along withit. And the Zodiac 
muſt be deſcribed either upon this fovr (the Zodiacall Index - 
being made ro ſtand ſtrl] while that ſaid foot with its divifi- 
ons moveth) and thar alſo parallel ro(or jn)the p Me- 
ridian projected upon it : orelſe the foor muſt = ns Zo- 
_ diacall Index, and the Zodiac muſt be deſcribed upon fome 
orherconvenient place, as the fides (8&c.) of thar annie 
tioned flat, And here, forlimitation of rhe Zodiacs lengrh, 

' you muſt finderhe Inclination of chis moving foorrorthe In- 
- dex or Zenith line (which angle of inclination is mentioned 
before,and fpoken of afterwards inthez 3 Prop. following) 
and work dire&ly as you did before by finding the newRa- 
dius. and the Secantof rhe complement (or exceſle) of the 
angle. By which you ſhall finade the Tangent of 45 gr. or 
the length of your Decimall Scale, ourt.of which the Zodi- 
ac maybe deſcribed by the Tables Page 4,5, 6c.25 is men- 
tioned beforein this propoſition. Thus (in theſe caſes) is 
the Zodiacto be fet jnits.trueplace , thus ir js40 be limired 

— — For 


"*Eliprical; or Aginb? 


For Occurrences ot oeher forrts.of Cafes than archere 
mentioned (whereof there will not bemany) he that can un- 
derſtand ro do theſe things arighr, will beable to grapple 
with them; and for ſuch as do notunderftand what is here 
ſaid; theirbeſt courſe is to let rheſe difficulties alone, 


— "— 
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13: How to finde what angle us made between the Index and 
that part of the proper Meridian which t projefted upon the 
plainwhereon the motion is made, or which drawn upon 
the foot of the Index which maketh the ſam 

motion. | 


TI way thar for the preſent I thinke of is this. Apply 
' a ſtreighr edge of paſtboard to the projeRed line, and 
the plain of the ſame paſtboard to the fiduciall edge of the 
Index, and make two points upon the paſtboard, by or 
through which the ſame fiduciall cdge pafſerh, Then taking 
away the Paſtboard, draw a ſtreight line through thoſe rwo 
n—_ or marks, and ſomeaſure the angle made between the 

orenamed edge of the paſtboard and this right line. If it be 
ſo that the line crofſerh not the edge of the Paſtboard , then 


draw ſuch a parallel line to the edge as may croſſethe former 


_ and then wirha Scale of Chords you may meaſurethe 


14. Further obſervations concerning the motion and daily 
fitting of the Diall and Index, for ſetting them true. 


Is "Ts beſt way is tro make the Diall plate move,and the 


Indgx to ſtand Rill(in theſe obliquely firuated Index- 
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es) fotrhe Zodiac will (in ſuch -eafesy de'moſt eaſily deſcri- 
bed and made uſefull. And in this caſe the Index may be 
alſo ſer faſt firſt,and quite finiſhed before the Diall be drawn 
atall. Thenalſo the Diall will be drawn more ecafily, and 
the motion of the Diall plate may ſooner (this way) be con- 
trived, then canthe motionof the Index be contrived when 
the-ſaid ladex is ro move and the Diall ſtand ſtill. The mo- 
tion (as hath been often ſaid) muſt be according (char is pa- 
rallel) co the proper Meridian: and the flir (for the fiduciall 
edge of the Index) may be ſo conttived that the fiduciall 
cdpe it ſelfe (which is beſt tobe a fine rhreed)may be alſo the 
proper Index, and the Zodiac may be deſcribed upon the 
Diall-moving-plare , cloſely contrived ro the threed. Or 
rhusat leaſt, T hc length of the whole Zodiac may be fo li- 


' mired as is before mentioned,and then it you defire to have-ic 


drawn upon ſome other place of the plain upon which the 
_  Diall ſuperficies moveth, and the ſame Diall plate to carry ' 
the peculiar Index for the Zodiac; then(I ſay) by theſerwo - 
terms prefixed to the length of the Zodiac (by the fiduciall 
edge of the Index) having referenceto the Diall-moving- 
plarc (as before) you may determine the length of the ſame 
Zodiac upon the ſtanding plate whereon the Diall plaremo- - 
veth, for the new Zodiacall Index ſer faſt into the moving . 
plare, will (upon the ſtanding platc) fhew the terms of rhe 
ſame Zodiac ſuting with the terms upon the moving plate - 
fitted rothe ſtanding-Index. This will bedireRion enough - 
becauſe one way may ſerve as well as many, YerTdoubr not 
ro ſet down many morc which would be without end, if 
they wereall puttogether,for inventions in this kinde would - 
be too too Many. 

2. If the Index be thoughr beſt ro move , then muſt a 
pattern of ir (that is fome threed) be firſt ſerup. Andrtothis - 
| . vice-Indox - 
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vice-Index muſftheDiall-be deſcribed upon the plain (or 
whateyercurved Superficies it be.) And the Zodiac is beſt 
cobe fitted cither upon the plain whereon the foot of the In- 
dex is ro move(for a plainit muſt move upon . whatever be 
the Superficies whereon the Diall is deſcribed)and that ſame 
foot ro carry the Zodiacall Index upon it; or elſe upon the 
foot of the Index, and the Zodiacallor peculiar Index ro 
ſtand fixt upon the plain (or Diall ſuperficies.) And then 
whenall this is done, the vice-Index muſt be taken away and 
a true ſubſtanciall Index put in rhe place of ic. And for that 
purpoſe, you were beſt, before you take it away, to findear 
what clevation it ſtood from rhe plain, and likewiſe to draw 
_the perpendicular juſt under it. For by theſe two helps you 
may ſer tpa true ſubſtantiall Index, regulating ir thereby 
into the ſame poſition; which to do, mult be left ro the 
judgement of every manto contrive as he ſhall ſeerequiſire. 

Bur in both theſe wayes care mult be had what inclinati- 

. on the Zodiacall Scale hath to che Index, according ro whar 
is faidin the 113 Prop. 

3- Ir muſt here again be taken for a Rule , rhora plain, 
if it lieparallel ro the index is not poſſibly capable of theſe 
kindes of Ellipricall hourcs , bur the Index muſt have ſome 
inclination to the plain, and make ſomeangle with rhe ſame. 

4. All theſe Precepts do ſerve tromake fuch Dials as are 
npon fixed walls or Superficies that cannot be remaved. Bur 
if it bero be done for moveable Bodies, if they be regularly 
cut, thenthe declinations of every of the plains are known 
by ther regularity; ſo that ſuch plains of chem as are capable * 
of -any Dill bcfore mentioned (forthe Index and rhe plain 
muſt nor be parallel in any caſc, they may be perpendicular) 
may have ſuch Dials upon them as rheyarecapableof, cither 
x0 Indexes perpendicularto their plains, orzo@ Indexes tying 
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in the Zenith line of rhe place. Bur for theſe caſl uall Index- 
es upon them, you will be putro1r, to know what declinari- 
ons they have from the Meridian upon the regular body (for 


I ſuppoſe that thereis a Meridian drawn upon ſome one of 


the plains or other.) The way that for the preſear I think 
upon is this. Ser the Body upon the foot rrue in reſpetot 
 horizonrcall or upright poſition, that is, let the foor of it 
ſtand upon ſome juſt horizontall plain, though in reſpe&t of 
: dcclinationir ſtand atall advencures. Then from the fidu- 
ciaf cdge of your caſuall Index, ler fall a perpendicular ( I 
mean perpendicular tothe Horizon of the place, nor ro the 
plain)and to that perpendicular point, from the point of che 
Indexes conconrle with he plain, draw a righr linc; this line 
_ ſhall repreſent the Azimuth wherein the Pid Index lyeth. 
Then again, with your eye repots a perpendicular hangi 

threed upon the two points (namely,the center or concourle 
of the Index with the plain, and the late found perpendicu- 
lar point) both together , and projet the umbrage of the 
threed {o hanging uponthe Horizontall plain. So alfo you 


muſt repoſe the ſhadow of ſome one of che-Cocks or Axes 


wich your eye, uponthe Meridian orlincof 12,and then al- 
ſorhe perpendicular threed muſt be projected upon them: 
both joyned before into one, ſo that Threed, Stile, and Me- 

ridian muſt now be all as one line; and rhe rthreed fo hang- 

ing projet the ſhadow ofit upon the ſame Horizomall plain. 
Now theſe rwo lines thus projeaed either do concurand: 
make an angle, or clic (by drawing a parallelto one of then 
through the other) they muſt be made to concur , and looke 
what angle they make at their concurrence , the ſame being 

counted the right way is the angle of che caſuall Indexes 
declination from the Meridian linc, Thus the Declinati- 
on is found.. | 
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Then the Reclination may be found as before is declared, 
and by help of chem the Longitude and Lartirude of the In- 
dex may be had, and ſo the Diall made by the precedent 


Precepts.- . | 
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A briefe 
BEMONSIRATION 
| of the 5". and8s". Sefions. 


x =2],N the 7 9. allaremadetothe Zenith line 
SEX) of the place. If therefore you imagine 


[45 an Horizontall Ellipſis ro be deſcribed to 
©: that Zenith line, and upon thar Ellipfis a 
8 kinde of compreſſed Cylinder ro riſc up- 
22 right, parallcl to the ſaid Zenich line, with 
| houre lines raiſed fromthe ſeverall points 
of the Horizontall Ellipſis, then will the Zenith line ſhew 
the houre upon thoſe ſurgent lines : and the ſame Index (or 
Zenith line) muſt ſhew the houre among thoſe upright lines 
in the compreſſed Cylinder, by the ſame reaſon thar it doth 
upon the Ellipſis it ſelfe, upon which the ſaid Cylinder is 
raiſed, And if ſo, then it matters nor what part. of theſe 
lincs is taken in for this uſe, ſince any one point of them 
- willſerve rodothe work. The way therefore thar is uſed 
for the projeQing of theſe houres (by help of the Table in 
29 Pag.) aSit will ſerve to findethe Elljpricall pcints upon 
the Horizontal] plain it ſelfe, ſo mult it ſerve tg finde ſome 
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one point of theſe ſurgent houre lines upon any other Super- 
ficies, becauſe they keepe the ſame diſtances alwiyes trom 
the Zenith line (from whence the projeRion of then is 
_ made, and whereon they depend altogerher) and-rherefore 
ic findes __ any Superticics ) the points of choſelines 
which pa 
Thetecfore it is that theſe Ellipricall points (upon all $y- 
perficies) are points of thoſe ſurgene lines riling from the 


Hotizontall plain, and chat the Zenich line mult have the. 


ſame relation and ficuation cothem, that it had tothe points 
upon the Horizontal plainir felfe, And conſequently, thar 
this way muſt be of the famecruch upon any Supectficics that 
it ts upon the Horizomall, So much for any upright Index, 
ſet upon all ſorcs of Superficies, with che houres thereon 
depending. | 

In the 85. are handled caſuall Indexes; which if well 
conſidered will fall co be the ſame withthemitn the 7 h. For 
the Table of Angles and Altitudes by which they are made, 
are calculated rotha Harizon which is proper to che Index, 


confidered' as a Zenith line. And ſo from thas Horizon 


we may imagine the like ſurgent lines to riſe all parallel co 
the Index of Zenicttline, andrhe vay fame reaſonto heldin 
eheſe, that held inte former, FM 


To the Reader that halt have the viewof rhis 

| firſt draught of Precepts. | 

Heſe Rules here given may Teetne tobe ſtuffed with many impertinencies, 

| and ſome needlefie difficulties, which the Author aeknowleugerh wikiingly, 

end excuſcrh, by reaſba tharthcy were hs firſt metitations inrhis kinde; 

and ſo much the more undigeftos by how muct. the leflo pracitc harh beerby 

him uſed therein, The truth is, he never deſcribed any thing ſuitable tothe Caſes 

of theſe two laſt Setiwvns, And ifthe Reader be atiy way able to difcerrrwhat it 

js eo Write upon a Mathemaricall Subje& wherein hath preceded no reail :epre- 

ſentation, he will not only excuſed. Micukierand impert nencies in che trad't.on, 

but will wonder ifthere be not ſome miſcarriages m_p9nr of truth ; of which 
aotwixhltanding) the Author is conkdent ths Treantit he clone. $, Foſter, 


e through, or do interſeR the Diall Superficies, 


114 FEliptical, or Agtmubal, exc. 


15. Having placed 4 Diall plate to move (let the Coafft of the 
motion be caſuali) how to fit a fledfaft Index toit, andto- 
deſcribe an Elliptical Diall upon the ſaid moving plain. 


= Calc was forgotcen before, bur now here ſupplycd. 
2 You muſt obſerve the line (upon the immovycableplare) 
which the midſt of the moving plate doth deſcribe, and ſup- 
poſe tharline to be the proper Meridian, Then from ſome 
convenient point of that proper Meridian, raife a true Axis. 
'ProjeR the Axis upon the proper Meridian, and from any 
point of the ſaid Meridian raiſe-a threed (or Index) any 
where, only fo as thar both this Threed, the Axis, and the 
; Proper Meridian may all rhree appear in one line. There fix 
the threed, and then finde the Longitude and Latitude of it, 
andafterwards deſcribe the Diall to ir, according tothe ruks 
given before. | 
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I6. If an Index fhonld be ſet up and made moveable upon 4 
ftanding plain, there can no Diall be deſcribed thereto, 


- i Nlefle the Index be made of wire or ſome ſuch bend- 
ing ſubſtance, but ro ſuch there may. For if you ob- 
{ſerve whar'ſtreighr line the foor makes in its motion, you 
muſt count that as the proper Meridian, and ſo ſerting up an 
Axis ro ſomepcint of it, you may putin an Index into that 
foor, ſo as the Axis, and fiduciall edge of the Index, and the 
Proper Metidian, may all three appear in oneline, And then. 
htiniſh your work as is before direRed. 
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10 to makg an Horigontall Diall in a 
Circie equally divided, to ſhew the 
. Houre of the day, and AFt- 


math of the Snn, 


Ere befre we have had BAEAFPITICAL 
MV T5 HOROLYOGIOGH A PHI, now thill tol- 
nl low C/ACHLAR HOROLOG !0- 
LE ECRAPPY, whieh [Hewett hon to” make a 

= Dit! in 2 perfect Cirete equalty drv4ded no 

houres, (whereby co tinderhe heure) pon any plata what 
focver. : | 

Dividca Circle imto 24 equal] parts, and gike org of 

- EALCLEE: 
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Circular © 


themas your Horizon hath houres in the longeſt day, or ra- 
ther fo many as the degrees of. your. greateſt Amplitude 
(Eaſt and Weſt) from the South do ariſe unto, which here 
at London will be necr 18 of them. Then divide cach of 
theſe parts into 15, which for the Azimuth will ſignifie 
degrees, for the houre will ſtand for four minures of time 
apicce. 


The altitude of the Horary Index may thus be found, 
|. Adde your Latitude to 90 gr. halfe that ſamme is the 
elevation of the Horary Index above the Horizon, Thus 
at London, 5-90 =70 gr. 45 min. which is the alticude 
2 


or elevation required, Or, adde halfe the complement of 
your Laticude (which is 194)to your Latitude (51 :)the ſum 
(705) is rac elevation of the Index, 


The ftanaing and looking of it. 


Ir muſt ſtand right over the line of 12, elevated above 
the ſaid line 70} gr. and muſt looke toward (bur not into) the 
Noith Pole. 


The motion of the Horary Inaex. 


Ic muſt move to and fro, directly over the line of 12. Or 
elſethe houres muſt move roand from ir, according to the 
line of 12, ſoas that the ſame line may alwayes lie under 
the foor of the ſaid Index; The motion of the one or the 
other is nectflary, becauſeelſerhe Circle of equall parts can 


never ſhewthe true houreall the year long. # 
709 
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How the Zodiac is to be limited, and laid, and charatired, 


| The motion ofthe Index muſt be regulated by the Zodi- 
ac. The Zodiac therefore muſt lic either in , or elſe parallel 
' to the Meridian line. The length of ic is thus co be limi- 

red. Count the Semidiameter of your Circle (viz, AB) 

for the Radius : to that Radius, Either 

1. MaketheSineof 70} (taken to the Radius of your 
Circle) a Tangent of 702 ; and to the Radius of that Tan- 
_ gent finde the Secant of 19; (the complement of 70?) that 
Icngrth ſhall be the Radius of rhe degrees, or the Decimall 
of the Tangents of the Zodiac, to beinſerred by the Tables 
Paz. 4, 5,6,and 7. 

2. Orelſe, Make the Sincof 19; (eſtimated to the Semi- 
diameter of the Circle A B as Radius). a Radius, and co thar 
Radius finde the Secant of 15? this laſt length or Secanr' 
' ſhall be the quantity of the Ta__ of 45 gr. orot the 

Decimall Scale by which che nurnbers Pag. 4, 5. &Cc. are to 
beinſerted. And mctheſe Northern Rorizons S and vy muſt 
be placed ſo that 12 may be neereſt co the Index. inSummer, 
andiindet off in Winter. 


Fhe manner how to faſhion the Cock which holdeth'the Index, 


The faſhion may be ſeen by the figure ACD. At A is 
the place of the fiduciall pointof- the foot of the Index to 
be aſſigned : and in that pointa hole muſt be pierced, and 
a threed fixed. Then the Cock muſt have two holes more 
pierced, one at C, the other at D, both co ſtand perpendi- 
cularly over the line of 12. Thar at C muſt be ſoplaced, 
that the angle CAB may be 903 gr. Thatat D inuſt be 


placed ſo, that D A B maybe anangle of 99 gr. How 
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How to place this Dial! for ufe. 


| Y4-0u muſt cither fix your Diall plate in the Meridian fine, 
and truly Horizontall, orelſe upon an Horizontall or 
| Tevell flar you muſt draw. a Meridan hae, whereby to place 
ic uponany occaſion, T hen, | | 
Tv fmie the Heare, 


Make uſe of the Index A C, and reQifie the foot of the 
Index tothe rcquiſite place in the Zodiac, (either to the day |- 
of the maneth, or the degree of the Signe,) Whea ir is 
thus reified and ſer, the Cadow of the threed A C will 


flew che houre of che day, | 


_ To 
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To finde the Azimuth, 


Pur the threed from Aro D., and let A D be your Index. 
Thea (alwayes) placethe foor of the threed in the center of 
the Circle at A, So ſhall the carced A D give the Azimuth. 


C Note, Thar the Scales of Declination, Amplitude, 
Aicenſtonall difference, may beplaced by the Zodiac, 
and uſcd as is before ſhewed in the Ellipricall Dials. 


SE2ESSSSSEDS SOGSSSSSHS 


Another way to make the ſame Horizontall 
Diall equally divided, to finde the 
Houre and Azimuth. 


ISORS He former way maketh the Index to point up 
R* neerto the elevated Pole, This other will re- 


Dn 
b 
A 
2 
A 
J 
, 

4 

4 
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"SAS toward (bur nor into) that Coaſt of che hea- 
vens where isrhedepreſled Pole under che Horizon, bur till 
the Index is tobe above the Horizon, 

The alticude of the horary Index above the Horizon, 
muſt be halfe the complement of the Laricude, or halfe the 
heighc of rhe EquinoRiall, Hereat London 194; gr. which is 
| the complement of the former wayes elevation 70}, 

[- T ie ſtanding and looking of it, muſt be right over the 
lize of 12, drawn our at compecent length, and mult juſtly 
point into the Coaſt of. 12 mid day: Or towards (but nor 
1nto) the South (or depreſled) ar 
| A | CL 


Gircular 


It muſt moveas the former did. 

The Zodiac is to be laid asbefore, and to be limited and 
characercd thus. The Semidiameter of your Circle being 
taken for Radius, you muſt ufe the two former rules in this 
manner. 

1. Either make the Sine of 19; a Tangent of 19x, and 
to the Radius of that Tangent finde the Secant of (the com- 
plement of 19; , namely) 70} , that length ſhall be the Ra- 
dius of the degrees, or elſe the Decimall Scale of rhe Tan- 
gents of the Zodiac, and they muſt be inſerted by the Tables 
Par. 4: 5, OT | - , 

2, Orelfe, make the Sine of 70} (eſtimated to the Se- 
midiameter of the Circle A Basroa Radius) to bea Radius; 
and to that Radius finde the Secant of 7c}, this laſt length 
or Secant, ſhall be the lengrhof the Tangent of 45 gr. or of 
the Decimall Scale , by which the numbers inthe Tables 
Pag. 4,5, &C. are to be inſerted. 

By this inſtance for the Horizon of London, where the 
numbers x9; and 703 are proper, may the like work be per- 
formed in other places of different Latitudes from Lowdor, 
only by altering the numbers, according as the proper La- 
titudes of ſuch places ſhall require. And in all Northern 
HorizonsS (or the longeſt dayes) muſt be fo placed that the 

point of 12 inthe Circle may then be necreſt to the Index, 
and in w(or the ſhorteſt dayes) ir may be furtheſt of, Bur 
in Southern Laticudes, the places of S and w are quite con- 
trary , becauſe there the Sun being in w makes the longeſt 
day, andinS the ſhorteſt. | 
The manner of faſhioning rhe Index, of placing the Di- 
all, and uſing ir, is the fame as was ſhewed before. 
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How to make the like Houres and Agimuths 
by an equally divided Circle, upon all 


Plains whatſoever. 


J ETEO U arc firſt to finde theſe three things» 
INGEFANN 1. How much, and which Pole is elevated 
>» | above your plain, which is equall ro the La- 
(B |[ IRÞ2| tirude of yourplain. 2, The poſition of the 
; Bro! (uſuall ſubſtylar or ) proper Meridian of the 
'" plain. 3. Thedifterence of the Plains Lon- 
gitude from your own, or the angle at the Pole madebe- 
rween yours and the plains Meridian, And when theſe 
thingsarc had, the work will be like that which was beforc. 


_ For the way will be twofold. as there it alſo was. 


The firſt way. 


Take halfe the complement of theplains Latitude , and 
adde it to the plains Latitude it ſelte, rhe ſumme willgive 


the elevation of the Index above the plain. This Indexis ro 


point rowards(burt notinto)that Pole whichis clevared above 
the plain. = 
The other circumſtantial! things about the Indcx are as 
thoſe before, if inſteed of the line of 12 there mentioned, we 
here take the proper Meridian (or Subſtifar drawn in its right 
poſition) of the plain. T ” 
The limitation ofthe Zodiac muſt be ſomewhat as before. 
| =_ Oo hart 
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Circular 


That is, you muſt count the Semidiamerer of your Daall 


Circle tobeas the Radius, And to that Radius, x. Either 


finde the Sine of the eleyation of the Index , and make that 
Sinea Tangent of the ſameelevation of the Index; then to 
the Radius of chis Tangent finde the Co-fecant of the former 
elevation, the ſame Co-ſccant ſhall be the Radius or Deci- 
ma!l Scale whereby te inſert thoſe dayes or Ellipricall de- 
erces {et down inthe Tables Pag. 4. 5, &Cc. 

2. Orclſcrothar ſame Radius of the Circle , finde the 
Co-fine of the elevation of the Index, and to this being 
madea Radivs, finde the Co-ſecant of the Indexes elevari- 
' on, and ſo ſhall this Co-ſecant be the Radius or Decimal! 


= 


Scale asbefore, 


The ſecond way. 


Thealtitude of the Index above theplain is the halfe com- 
plemeanr of the plains Laticude. The Index muſt(in this 
way) point rowards (but not into) that Pole which is depreſ- 


ſed under the plain(I mean toward that Coaſt of the world, 


bur muſt ſtill remain above the plain.) | 


The ſtanding and motion of the Index, with the chara- 


Ctering of the Zodiac, and other circumſtantiall matters , as 
ofthe Cock for one Index, and the uſage for the houre, muſt 
be agrecable ro the former rules given before. 

The limication of the Zodiac muſt be done by the two 
former rulesgiven (in generall terms) in this Page. 


How to divide the Circle of houres. 


It muſt be divided into 2 4 cquall parts, and thoſe of the | 


24 taken into ule as will be ſerviceable, the reſt lefrour. 
| __ Every 


; 
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Every of theſe 24parts may be dividedinto 15 er, or into 
quarters and halfe quarters (for here inſ{uch plains there will 
be no Azimuth ſhewed for the place, nor well forthe plain 
it ſelfe, and therefore it is beſt to omir it in theſe altogether.) 
. All the doubt will be where youmuſt begin your diviſion. 
From the interſe&ion of the proper Meridian (of the 
plain) with the Circle, fet off (upon the ſame Circle , and 
rothe true Coaſt) an arke equall to the plains differerce of 
Longitude, And from thar point ſo inſerted, (Which you 
muſt ſuppole tobe the point of 12) you areto begin the di- 
viſion of your Circle, The numbring of the houres on both 
ſides 12 will not be hard to finde, in reſpeR of their courſe, 
for the courſe of the ſhadow of the Index will give thar. 
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1. In all Polar plains (ſuch as our upright Eaſt and Weſt,. 
&c.) the Index in both theſe caſes or wayes (here before 
| given)will be clevared 45 gr. and the Radius of the Diall 
| Circle will be the Radius or Decimall Scale by whichthe 
Zodiac Scale is tobe inſerted our of the Tables, Pa2.4,5,8c. 
-2. If at any time the Zodiac provelonger than = Dia- 
meter of the Horologicall Circle , and fo the Index do go 
without the Cucle, ar ſuch rime as it is without, the ſha-- 
dow of the Index will go one way till ic touch the Circle, 
_ and chen back again the ſame way it formerly came. 


Circular 


2222000020000000 


A briefe 
DEMONSTRATION 
of theſe Circular wayes of making | 


D1rars. 


He Circular wayes have dependance, andare de- 
&» B-2\ duccd our of the precedent Ellipticall wayes; and 
73 89 the Caſes arc but two, wherein the ſame may be 

9-9 done uponany Horizon or plain, as may be per- 

ceived by the former Precepts, wherein the altirudes of rhe 

Indexes abovethe plain arc ever made to becither halte the 

complement of the Plains Latirude , or elſe (the ſumme of 

the Latitude and that halfe complement, which ſumme is 
equall to) the complement of that forenamed halfe com- 
plement. 

According to theſe two caſes here are rwo Schemes fit- 
red. The projeionsare made upon the plain of the Meri- 
dian CircleP Z HX. Pisthe Pole, Z the Zenith of the 
place, H A the Horizon of the place, A A the EquinoQall 
Circle, D AandR Aare drawn in the middle of ZP and 
AHor AO. DBCX repreſents one Azimuth or Ver- 
ticall Circle proper rothe plain R A, and by thar one all the 
reſt of them may be underſtood. D A repreſents the Index 
in both the former Caſes, and R A the Horizontall plain 
(nor of the place but that Horizontall plain which. is) pro- 


pcrly 


- The firſt Scheme ſhews 
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perly belonging tothe In- 
dex or Zenith line DA. 


the firſt of the two former 
Caſes , the ſccond ſhews 
the ſecond of them. Their 
Demonſtrations will be 
both one. For the queſti- , 
on in them both is, How - 
_totheſe inclinations of the 
Index, the Diall, or hora- 
ry line, ' that falls upon the 
Horizontall plain of the 
place , comes to beaper- 
fc Circle. 

Firſt, therefore conſi- 
der, that in all the Elliprti- **: 
call Dials, the horary line 
hath relation to the Equi- 

_noctaall Circle, and to the 

Index orlinethart isto give 

the ſhadow (wharſoever 

rhe Superficies be upon 

which the projecture is 
made, whether plain or 0- 
therwiſe it matters nor, as appears before, but here we deale 
only wich plains, becauſe Ellipſes and Citcles are plain 
Figures. |? 24:40. 
Secondly, conſider, that through the ſcycrall hours 
points of the Equinoctiall Circle, right lines are to be ſup- 
poſed to paſſe infinitely extended, till chey mcer with che 
plain whereort the projeRture i to bs deſigneds Waich 
1 - Tuinz 
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Circlar 
ii[ving our of theſe infinice lines (if they be regularly cloath- 
ed about with an infleted Superficies muſt comprehend 2 
Cylindrical] concave,either round or compreſſed according 


as the forenamed intinice lines are cither perpendicular to 
the plain of the Equinoctial], or not perpendicular to tt. 


hore points of the EquinoQiall, parallel ro the Index, muft 


perly bclonging tothe Index as a Zenith line. And the ſame 
lines upon tnar proper Horizon do alwayes make an Ellipfis, 
except only theſe rwo Caſes. Firft, It the Horizon be the 
ſame with the-EquinoGtiall Circle , and the Zenith line or 
Index the fame with the Axis of the world, tor then thoſe 
lines do there make a pertect Circle. Secondly, If the Ho- 
rizon be a Polaror Meridian Horizon, and the Index or Ze- 
nith line fall into the Equinoctiall (having no Larirude from 
it) for then thoſe lines do all fall into (or coincide with) 
the plain of the EquinoRiall, and conſequently do make 
(upon their proper Horizon) a dire right line: y ea more, 
becauſe the ſaid lines do lic all upon the plain of che Equi- 
nodiall, and arcall drawn out of the equall diviſions of the 
Equinodial! Circle, and beſides are all parallel one tothe 
other; therefore they make (in this cafe) a double line of 
Sines, as is ſaid beforcin the fifch note Pag.z7, Now to 
cometo my intended purpoſe, which is, to prove ht In- 


Calcs) will require (upon the Horizontal plain of the place) 
atrue Circle and not an Ellipfis. | 
Suppoſetheictore D A to be the Index (according to one 
of the twoprecedent conditions) then muſt R A bethe pro- 
per Horizon to that Index. And according to the former 


huure 


Thirdly , Theſe parallel lines ſo drawn through the 


all fall perpendicular to the Horizonrall plain which 's pro- 


dexes ſo laid (as is mentioned before in the two precedent 


Dogrine;it A, and B, and A, be taken for three of the _ 
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houre points In the Equinoctiall , and Azimuths drawn 
through them from D the Vercicall point ofthe Index, then. 

I fay(in theſe two caſes and not otherwiſe) looke how the 
EquinoQtiall is divided by choſe Circles, inthe ſame manner 
is H O the Hor1zon of the place divided. But becauſe the 


_ Equinoctiall is ever equally divided in reſpe& of houres, 
- therefore the Circles from D ro X (from the Zenith of the 


proper Horizon R A to the Nadir , which are Azimu- 


_ thall Citcles) ſhall cur the Horizon of the place (H O) into 


equal] parts. This, l ſay, is true, Becauſe D A Band X HC 
areequall Sphericall Triangles in three of their quantities 
[For D & 1scquallro X H, and the angles art D and X are 
equal], as alſo the right angles at A and H] and therefore 
equall in all the reſt, if like be compared to like : that is, 
HC iscquallto A B;, and conſequently A C equalro AB: 
ſo alſo C X equallcoBD. Andifſo, then the Chord B C 
muſt be paralle] ro the Index or Zenith line D X, and ſo . 
A His parallel ro D X, and ſo contrarily (in theſe two Ca- 
ſes) right lines drawn from the houre points inthe Equino- 
iall Circle, parallelcothe Index, muſt cut (upon the Ho- 
rizon of the place) cquall parts, equall ro one another, and 
equall to the houres upon the EquinoRiall Circle. - Thar is 
ro ſay, they cur the horizoncall Circle ir ſelfe into 24 equall 
parts or hours. And conſequently(in theſe rwo Cales) thoſe 
forementioned right lines muſt defigne (the horizonrall 
Circle ir ſelfe, that is) a Circle upon the horizontail plain of 
the place, though upon the proper Horizon it felte (R A) 
they muſt defignean Ellipſis(falling perpendicularly there- 
on) according to thethird obſervation inthe 128 Pag. And 
from that Ellipſis theſe lines B C, H A, may be conceived 
as ſurgenr lines (ſuch as are mentioned before Paz. 11 3)con- 
taining a compreſled Cylinder, mo_ Cylinder being cur 
. Wo 


Circular ; 


two wayes, (that is ſubcoatrarily) will again reveile the ori- 
ginall Circle (ar leaſt in one of the two Sections ) from 
whence it ſelfe and the ſurgent lines rooke their forme and 
places. 


XN T7 £F, | 
1, The {ame reaſon holds in all plains , that in them alſo 
. there may be found ſuch a Circular Horologiography, For 
they are Horizons to ſome place of the World or other, 
and are therefore capable of the ſame accidents that the 
torementioned Horizon of a particular place js. | 
2. Thattheſc Caſes are the ſame (ina manner) with thoſe 
d. 5. For herea new Zenith line (as D A)is foundto H O 
the Horizon of the place, ſuch a Zenith line (or Index) 
as may lic equiciſtant from the Horizon of the place HO, 
and from the AquinoRtiall Circle A A: And there there 
isa plain ſet up which may ſtand ſo, as that the Zenich 
line of the place niay ſtand equally diſtant from the Aqui- 
nodiall Circleand this plain. In both, the Index ſhands 
equally diſtant from the EquinoRiall.,. and from the 
plain whereon the houre points areto be inſerted, ” 


For the limitation of the Zodiac. 


The firſt work in thelimitation of it is forthe Ellipfis thar 
ſhould bedeſcribed upon the proper Horizon,and the ground 
of that is the ſame with what was before delivered Pag.75. 
The reaſon of both will be plain enough our of the forego-. 
ing Diagrams, For the Zenith line D A, if it wereto move 
upon the proper Horizon R A, it muſt move in the proper 
horizontall Zodiac, as formerly it did, Pag. 17, 18. Which 
ZLodiacis tobe made as before, and here in the firſt work is 
ſhewed: che reaſon ot the diviſion of it is given in Pag. 61, 
62, Here is only to be ſhewed the reaſon of the cnlarge- 
ments A 
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ment. If the Index were ſet upon the proper HotizonR A, 


then it muſt move thereon (perpendicularly)from A to5$ 
ſuppoſe. But ic moves not upon that but upon H O the ho- 
rizontall plain of the place, and yet to keepe the ſame di- 


ſtances in motion from the firſt poſition of itin D A X, that 


is, it muſt move parallel alwayes ro D A, butnor upon A S 
but upon A H, whichcodo, ir muſt not have the parrs of the 
Zodiac in AS (ro guide upon H O) but proporctionall ones 
to them, thar is, inſtead of A S'muſt beraken A »; which 
is all one asto ſay, As AS the Radius, to Am the Co- 
ſecantof Sm A, or DAO, the Indexes clevacion (above 
the Horizon H O;) Soare the parts of AS the prime or 
tundamenrall Zodiac, to the parts of A z#, the ſecondary or 
| Inlarged Zodiac. | 

- Thus muchot Circutar Dialling. 


IEEDES III SIE 
APPEND 


EE the Figure in page 120. To that Z odiacs 
length you may fiadeſuch a Radius as ſhall 
be thereto juſtly comperent ſo as ro mikethe 
Ellipticall Horizonrall Diall R T S; and ha- 

a2] ving mace that Diall, rhe upright Index D A 
will give the hour upon it, as the ſlope Iudex A C will give 
the houre upon the Circle. And theſe two being ſeverail In- 
dexes and Dialls muſt ſet themſelves as the other do, and 
wil nor ſtand right till they agree. Onely this cannor be ſo 

punQuall, becauſe the rwo Indexes A Cand AD are nor 
ſo far diſtant as in —C—— Diall, - But the A- 


Zimuth 


og 
——_— —s. hn ——— 
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zZimurh will here be ſtil] ſhewed, as was mentioned before* 


Having the Zodiac limited, how to finde the two extream 
Diametersof the Ellipſis, 


The length of halfe the Zodiac is alwayes to be eſteemed 
rhe Tangent of 23, gr. Now becauſe we here ſuppoſe this 
Zodiac alrcady made, and tobe intended for an horjzontall 
Diall; therefore, Either chus, 

1 As the Tangent of 23z, is tothe Tangent of your La- 
titude z So the lengthof the Semizodiac upon your Diall, 
ro the Sine of your latitude, which is the ſhorter Semidia- 
meter AT, } - 
| Orelſe thus, | 

2 Asthe Tangent of 233, is tothe Radius or Tangent of 
45 gr. So is your known and limited Zodiac, ro the Coſine 
of your Latitude. The Radius, to which Coſfine is the lar- 
ger Semidiameter A W. 

Thus having fitted your Ellipfis (tothe Zodiac) you may 
deſcribe and divideit in ſuch manner, as was foxmerly ſhevv- 
cd, pag. 1. 
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The manner how to deſcribe the Houres 


upon a finite right line, or the Diameter of a Circle, 


and to fit a moveable Index unto the Diall - 
_- fo deſcribed, 


__ ———— A. 
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Concerning Dials made upon a finite fireight 
line, with a moveable [ndex. 


EAT His may ſcem no difficult nor new thing, 
Y j fiace the molt vulgar known way of pro- 
1 © AF tracting Dials 1s either by one contingenc 
& Yai line (which 15 a rignt. lines) or elſe by tivo 
=0/@| Tangenc tincs, as by the Seo: is uſually 
"done. Bur it mult be conſidered, that the 
contingent line is infinite, and this line (here memioned)-is 
finite. Again, thar other way by rhe. SeRor, is not by oac 
 finice line, burby wo ar the leaſt 5 whereas this is by oB8e 
. finiteline, Some difference there is. And belidcs; that other 


136 


 HorRoOLOGIOGRAPHY. . 


— 


by Tangents may beas well done upon a ſingle crooked line, 
this cannot. 

This ſtreight line is mentioned before, that in right Hori- 
zons or Polar plains the Ellipſts ſhutreth up into a ſtfeighr 
line. Anditis true, that this falls out to be ſo, onely in 
riehr Horizons (if the Index ſtand perpendicular to the 
plain, as is before intended) whichtcaſes happen but ſeldome, 
and to ſome plains onely. Bur here my purpoſe is ro ſhew 
how it may be done to all plains whatſoever : obſerving on- 
ly this one condition; alwayes to ſer the Index ſo, as to 
point up into the Equinodtiall Circle: for fo ir muſt do, 
and will not be done any other way, according to this forme 
of caſting the houres. — 

There are two Caſes which will offer themſelves. 

The firſt is, whenthe Index pointeth up both into the 
EquinoQiall Cucle, and likewiſcinto the plains proper Me- 
ridian Circle. : | 

The ſecondis, when it points up into the EquinoGiall 
Circle of the heavens (for ſoir muſt ever do) and into ſome 
other Meridian Circle, ſuch as is not proper to the plain, 


I 


C 1. How io make a Diall upon a finite ſlreight line, drawn 
upon any plain, the Index being ſo orderedthat it point 
up into the Equinottiall Circle, and into the plains 
proper Meridian. 


| fro this Caſe, the Indexisto lic juſt over the proper Meri- 


dian of the plain , and is to be elevated fo much above © 


that lineas the height of che EquinoQtiall above that plain 


comes unto, and muſt point up into the Equinoiall Circle 
it ſelfe. | 


3. Theelcvati Poleaboverhe p 
4- The: plains differenceof Longyude | '; 
| I ian, 70. | oy {575 re ws EES _ 


are-ro be found bythe:common.wayes of 


upon plains , which 1 
. peate bur ſhall be [oppoſed tobe ale 


in heir erye poſitions upon- the plain. 
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roper Meridian -of rhe plain rruly. placed, ard AD the In- 
ex Ahadiog over it, and pointing - into the EquinoQiall, 
Let the degrees of the difference of the plains longitude be 
_ CL, andletthepoint L ſtandfrom.C uponthe right Coaſt 
according to theexigenceof the plain. Then for drawing 
and dividing theline that isto give the houres, dothus. 

I. Suppoſing A tobe the point of the EquinoRiall (in 
the Zodiacall motiop of the Index)through taat paint draw 
R AS perpendicular to B A C the proper Meridian; and 
upon A as the center, and to any convenient extent, deſcribe 
the CucleR C'S, in which, CL iis to be ſetaccording co 
the difference of Longitude, as was before mentioned. So 
that Lis the point from whence you muſt begin to divide 
your Circle, for from L isthe point ofthe houre 12 dedu- 
ced. Therefore, 

2, Divide your Circle from L into 24 houres at 4s, b,c, 
d,e, f, &c.1, m,z,0, &c. and from each of theſe points let 
perpendiculars fall upon the diameter RS, as L m, an, bp. 
&c.the ſame Perpendiculars ſhall divide the Diameter into 
the houres required : m ſhall be the poinr: of 12, becauſe ir 
falls from L, the point of the difference of Longitude: » 
and o ſhall be the next houres to 12 on both fides: pandq - 
thall be the ſecond houre points on both fides 12, and ſo the  - 
reſt in theirorders, 

Burthen in theſe Dials, when the difference of Longicude 
falls not juſt upon an hour (as very ſeldome (and then bur 
caſually) ir doth) the line R S will be crofle divided as you 
ſee ir in this example, tor eR « is one hour, and unequally 
| broken and fer uponrthe DiameterRS: fo £So is the ſpace 

of 5 houres; and the points ?and o ſtand crofle or ailtant 
one from rhe other, and are not coincident; which 1 ſay ' 
muſt alwayes happen when che difference of Longitude is 


nor 
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not equall to one or more juſt full houres. | 
- 3- Intheſecroſſe houres(for ſo I may call them) you ma 
divide cach fide of the line ſeverally, as thus : | 


< « * 
po . 


42 


Or elſe you may make a double line inthis manner, ſup- 


« & 


poſing the fiduciall lineto be the whitethat lies intire and un- 
divided betwixt them. | 
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This kinde of Diall will be fomwhat difficult ia the uſe, 
becauſe ofthis croſle diviſion of the houres. Yet I thoughr 
beſt not to omitir, becaule iris the ground of the next Caſe 
which will be more uſefull, , f 


_ » . - 


Concerning the Zodiac and the Index. 


HWOr the limitation of the Zodiac, let AR orA Sbeas 
Radius. To that Radius let A F be the Tangent of 23:. 
This Tangent.is to be augmented according to the propor- 
tion that the Radius bears tothe Secant of the complement 
| of theangleD AB, which is the clevarion of rhe Equino- 
Riall above the plain: Thar is, EO 
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- Reffilineal Or Diametral 


As the Radius, Tothe Secant of the Poles elevation a- 
.bove the plain(which is the ſame with cheſaid complement) 
| Sois the Tangent of AF, to theline A B ſuppoſe. There- 
fore now A Bis the length of halte your Zooiac, and muſt 
beraken as a Tangentof 2 3; g7- (oras a Scale of ;24 equall 
parts) by whiclr 


» 


os » 


pumay inſertthe' Monethsor Signes as is 
before ſhewed, Peg. 4, 5, &c. Theſe muſt be ſer on and 
charaQeredas the nature of the plain ſhall require them co 
be ordered. | : 

The Index though it move, yet muſt alwayes lic juſt over 
the proper Meridian A B, and muſt alſo keepe the angle 
D A B unchanged, and muſt be moved from B to A, and 
{oro B, asthetime of the year ſhall require. Or the Index 
may ſtand and the Diall move upon the linc B B,as the man- 
ner of theſe kindes of Dials may be, 'and which have been 
ro0 ofcen mentioned. The ſecond caſe follows. 


S0002SS2402:0089S23S000 


C 2- Howto make 4 Diall upon a finite ſireight line, drawn 
upon any plain, the Index being ſo ordered, that it point 
up into the EquinoGtall Circle, andinto 4Juſt hour point 
in the ſame Circle. 


PANE S before, ſo here, it muſt be ſuppoſed hat the firua- 
SA 6 tion of the plain with the other things (before- 
mentioned) which depend thereupon are known 
and placed uponthe plain. Andrthe matter muſt be 
ſo order:d,that the Index muſt both looke intothe Equino- 
Riall Circle,andalſoirt muſt point to ſome juſt hour therein, 
that ſo one divifion of the Diall line may very well ſerve tor 
accountingthe houres both wayes, the whole houres and 
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parts . | 
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parts upon one fide juſtly correſponding to the juſt houres 
and parts upon the other fide, This will be tor more expe- 
dite uſe than the former way could be, and no ſuch trouble 


nor confuſion in the numeration of hourcs-and parts of 


houres, as will appear in the net Example. 

Inthis Caſe chat we ace now going upon, wemuſlt confi- 
derthele things. : 

'1: How the Indexis to be ordered,ſo as that it may look 
up into ſomejuſt houre point of the Equinotiall : 
2, How the line of the Diall or houres (the horologicall 
| line)is to be placed, and limited and divided 2 + 
3. How the Zodiacis to be placed and limited  - 
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C Eirſt, for the Index: The beſt way will be tro finde 


what Declination and Reclination (in reſpe& of the Meri- 

dian and Zenith of the plain) the houre pojart (iato which 

the Index muſt point) hath. And that is done by theſe rwo 

Rules. | . 

1, Asthe Radius, to the Sine of the EquinoGials altitude 
above the plain: | | 

So is the Co-fine of the diſtance of that houre point from 

the Meridian of the plain, to the Co-fine of the Recli- 
nation; or tothe Sine of the elevation of the Indexabove 
the plain. | 

2, As the Radius, to the Sine of che Poles altitude above 
the plain: | | 

So is the Co-tangent of the former diſtar.ce (ofthe intended 

_ hourepoint fromthe Meridian of the plain,) ro the Co- 

tangent of che declination of the Index {rom the Meridian 

of rhe plain, © Or thus, 2, 


= the Sincof the Poles altitude abovethe plain, tothe Ra- 


dius, So.is the Tangent of the former diſtance,torthe Tan» 
gent of rhedcctination of the-Index from the plains Me- 
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- Refilineal, or Diametral 


Thus, ſuppoſe AB were the proper Meridian of the plain, 
Make theangleB A C on theright Coaſt, andequall to the 
- 4 declination of the Index (now found) and 
clevate AN juſt perpendicularly over A 
4 C,tothe angle D AC equall co the ele- 
A vation of the Index above the plain, and 
ſo$ou ſhall place the Index in a juſt poſt- 
2A tion, that it ſhall looke up into a juſt houre 
2 point of the EquinoQiall. Tharis the firſt 
FIHo/, thing. 


C Secondly. The Horologicall line 

isto beſet for poſition as it was beforein 

the precedent Caſe, namely, perpendicu- 

D lar to the proper Meridian,as inthe former 
and this SchemeyouſceR AS, 


 _Thenagain, this line 
þ—=—=V Which in the gen fi- 
; - gure was cquall to RS 

"NE DE” — rs, nu of the © 
—_ Circle (or two aſſumed 
a Radivſſes) muſt now in 
T- x, Chis caſe be cnlarged,ac- 
cording as! you have or- 
Kr dered your. Index to 


Tx —n wrye from the proper 


—— Meridian of the plain to 
| = N any other juſt houre; ds 
j 0 inthis figure it is-made 


; to be diſtant from that 
| | EE 
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i ade : 
proper Meridian unto the houre of 12: thatis, iris ſuppoſed 
ro be turned ſo, as to looke into ouritz aclock point in the 
Equinociall: which point of 12 in the former figure was 

nored art L, and fo in this figure letit beſuppoſed again#sT 
ſay,lctir be ſuppoſed thar (becauſe the former Horologicall 
line was croflely divided, and therefore untoward for uſe) 
this way that is now ſpoken of ſhall be to take away that in- 
convenience in uſe which was gn the former. And therefore 
ſuppoſe the. Style or Index ro be wryed from the proper 
Meridian of rhe plain to the Meridian of the place, or to the 
pointof 12. Ir may as well be pur ro any other juſt houre, 
2s tO 12, but beit fon this Example, and ler the pointbe 

____ Lſleleted fromallthe reſt. | | 

From the ſeleRed point L, draw thediameter L A M,and 
from the ſcleted point L divide che Circle into 24 equall 
parts or houres. Then from each rwo houre pSinrs corre- 
ſpondently diſtant on both fides the Diameter LM draw 
right lines, as Gh and »O, and GO, which will be all 
parallelto the Diameter LM. Drawrthsle lines (Ifay)and 
continue them until] they meet with the horologicall line - 
R AS, ſufficiently prolonged both wayes. By this draught 
thus madc, the horologicall line R A'S ſhall be both pro- 

| longed to 4 O, and allo divided juſt as a line of Sines, fo 
the parts of it are in the ſame proportion that the parts of 
the Diameter G A Gare, which are Right Sines both wayes 
from thecenter, or Verſcd Sjnes from G through A to G, 


E Note that here (as formerly) you may aſſume the 
Circle of what extent you liſt, and ſhall fiademoſt 
ficting your purpoſe, 


 _lrisplainthen by this Example , Firſt, thatthe Radirs. 


ed Radius AR... And ſecondly, t 


ded like a double linc' of 


® + 


nd/for numbering, the hO 

&*.  d&& look toward the South, thenmuſtobe 3, and ch 

-...  omuſtbes; andthe fiſt 0, xo ar.nighe. And þ muſt: be g 
* _imnthemorning, the other 4,6 in the morning; and the 


2 Miſt 63 inthe morning, - | 5” 
," _Burif che Indexhadnor pointed up into 12at L, but in- , 
--  rtoſomeotherhouras P,:theamuſt a Diameter have been 
E__ drawnatfiſt from P tothecentcr Aquite through, and all 
- rhe houresparalltFto PA, and then the horologicall line 
,_. _ would havebeenthus numbered with 7 at therwo extreams, © 
nd x inthe midſtar A, |» Is OP | 


F” filth 


4 
th 


om a 


HoroLoGioGRaPhY. #45 4 
would begin at 4 a clock ( figured below the lineyand would 
go thence towards the left hand ro 5, 6, and 7. Ar 7 ir 

would return back rowards the right hand through 8, 9, 10, 
II, 12,1,2,3,4,5,6, untill 7, and then being arrived at 


7, the utmoſt point on the right hand, it will comeback a- 
gaintowards 8and go theleft hand. This for theplacing, 


4 


limiting, and dividing of the horologicall line. 


£7 *- 
| C Thirdly, Concerning the Zodiac how ir muſt be 
phaced and limitcd, conſider of theſe things. The Lcdiac (in 


_ "Re Filineal , or Diametral 


this caſe of wrying the Index from the plains proper Meridi- 
an) muſt be augmented in length, and changed 1n fituation 
from whar it was in the former caſe where the Index looked 
up into the plains proper Meridian. Yer I will herefirſt 
begin with that way fo faras it goes, and then proceed to 
what is further needfull, Letthe Figure Pag. 137 be here 
repeated. To the Radius AR, the Tangent of 23anda 
halfeis A F, and the fame is thereaugmenred thus. 
As the Radius, . 
To the Secant of the Poles cleyation above the plain 
Soler A F be ſuppoled robe, | 
To AB. | 
So that if the Index were pointing dire&ly tothe Meri- 
dian point(in the EquinoRiall) hich is proper to the plain, 
then the buſinefle was at an end; for AB muſt berhe 
lengrh of the Zodiac, and ſtanding ſquaretoR AS. Bur 
now we here ſuppoſc the Index to be wryed from thar point, 
as much as the arke C L comes ro; whichturning afide will 
both lengthen the Zodiac again, and turn ir our of its per- 
pendicular ſtanding ro R A S. Which thing is thus cobe 
effeted. To AF as a Radius, finde the Tangent of the 
Poles elevation above the plain; ſuppoſe that Tangent were 
G H. Then ſay, As the Radius, ro the Tangent of C Lrhe 
quantity of wrying, ſoGH to X Z. Make B K cquallro 
X Z,and parallel ro AR, anddraw A.K, ſo ſhall A K be 
the length, and ſhall alſo give (in this poſition) the ſfiruation 
_ of the Zodiac. The manner how to divide ir need not be 
repeated , becauſc it hath been often ſer dowa heretofore, 
You muſt only remember to place this line upon that Coaſt 
of A B whichis contrary to the Coaſt of the Indexes devi- 
ation or wrying from the proper Meridian point of the plain: 
rhis work may either be protracted, orcalculared,or wrought | 
Iaſtrumentally, as ſhall beſt be liked of, __ Ano- 


plain. 


Another way I will hereaddeto dothe ſame work,which 
may perhaps be not inferior to the former, Let all things 
preparatorie in the former Figure, be here again repeated, 
R A the Radius, and A F the Tangent of 23 degreesand a 
halfe to that Radius: then to A F as Radius, findethe Sine 
and Co-ſinc ofthe Poles elevation above the plain: let FP 
berthe Sine, and A P the Co-fine. Make A z<quallto AP; 
and from mz draw the line m2 », making the angle » mm C' e- 
quall to the angle BA C Pag. 142, and ſtanding on the 
contrary Coaſt, which is the angle of the declination of the 
Index from A C in this Figure, the proper Meridian of the 
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Then ſay, As the Radius, is rothe Tangent of the Recli- 
nation of the Index (whichis the Complement of D A C 
(Pe. 142) theelevarion of the Index above the plain,) So 
3s the Sine F P roa fourth quanticy, ſuppoſe the ſame to be 
D G: make 22» equall to D G, anddraw the ſtreight line 
A z, ſo ſhall Azinthis Figure be equall co A K inthe pre- 
cedent, and the angle » A C be(here) equallto the angle 
K A Binthe former, So that A » muſt be the length of the 
halfe Zodiac, and will lie in 1ts true policion by this work. 
This may be done either by calculation, protraction, or In- 
{trumear, as all other works may alſo be. Care muſt alwayes 
be had roplace theſe Zodiacs on the rightCoaſt from FAC, 
and thar the Zodiac be rightly divided and charaQred accor- 
ding to the Scafons of the year, as they ſhall have reſpe& to 
the nature of the plain. - 7 
Orthirdly, ic may be done thus, Fiſt, 


I. Asthe Radius, 
 Tothe vine of the Poleselevatian above the plain, 
So the Tangent of the EquinoQuall diſceſſion or wrying, 
To the Tangent of the Declination of the Zodiac , 
whichis the angle» AC in this Figure, ot BAKin 
the former. | | 


2+ As the Co-fine of the diſceſſon, .or EquinoQuall - 
Ro 

Is to the Radius; 

. -SO1s the Tangent of the Polcs elevation abovetheplain, 
Tothe Tangent of another Arke. 


3. And, As the Radius, _ 
Is to the. Secant of that arke (oras the Co-fine of that 


arketoghe Radius;)) | TP WH” 
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© Sois che Tangent of 231 gr. 
Toa number. 


If now you make the Radius of the Circle firſt aſſumed, 
namely R A or A'S to bea Decimall ſcale, and out of thar 
Decimall {cate do cake this number, the ſame ſhall givethe 

length of the Zodiac A »in this figure, or A K intheformer, 
The diviſion of this Zodiac now it is thus placedand limiced, 
muſt be done by the Tables and direQions in the 4 and 5 Pa- 
ges, For An muſt becaken as a Tangent of 2 3z er. or as 
rhe number 4348 ofa Decimall ſcalc of 10000 parcs, | 


Thus much for chiskinde of Diall upon a freight line 
| both croſſely and evenly divided, 
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of the former way. 


= 14 gy $3 
v Ds ——- Mgr F f WAS # "» b Y 
Sei Sh. 4 * Ye bk WIR A I" <a OS ag 4 Sr Vat. 6 aol 0 


25 N Pee. 28, Note 5,there is mention made of Po- 
"pb Fc; : lar plains or right Horizons , that inthem, the 
CAM Ellipfis cloſeth up into a right line. Thar-righc 
Fh=H lines here the line that we have to do withall, 
Fore here ſuppoſe alwayes that the Index pointerh up in- 
ro the Equinoctiall Circle; and the Index we alwayes ſup- 
poſe to be a Zenich line, and therefore the Horizon proper 
Lo thar index as 3 Zenith line, muſt needs make right angles C 

"S with. _ 
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Then ſay, As the Radius, is rothe Tangent of the Recli- 
nation of the Index (whichis the Complement of DA C 
(Pze. 142) theelevationof the Index above theplain,) So 
zs the Sine F P roa fourth quantity, ſuppoſe the ſame to be 
D G: make mz» equall to D G, anddraw the ſtreight line 
A z, ſo ſhall Azinthis Figure be equall co A K inthe pre- 
cedent, and the angle »A C be(here) equallto theangle 
K A Binthe former, So that A » mult bethe length of the 
halfe Zodiac, and will lie in its true policion by this work. 
This may be done cither by calculation, protraction, or In- 
{trumenr, as all other works may alſo be. Care muſt alwayes 
be had roplace theſe Zodiacs on the rightCoaſt from FAC, 
and that the Zodiat be rightly divided and charaQred accor- 
_ ding to the Scafons of the year, as they ſhall have reſpeR to 
the nature of the plain. - 

Orthirdly, ic may be done thus, Fuſt, 


I. Asthe Radius, 

 Tothe vine of the Poleselevatiqn above the plain, 

So the Tangent of the EquinoQuall diſceſſion or wrying, 
To the Tangent of the Declination of the Zodiac, 
which is the angle» AC in this Figure, oc BAKin 
the former. | —” 


. 2+ As the Co-fine of the diſceſhon , or EquinoRiall 
wrying, 
Is to the Radius ; | 
- SO1Isthe Tangent of the Poles elevation aboverthe plain, 
Tothe Tangent of another Arke, 


3. And, S the Radius, 
Is to the. Secant of that arke (or as the Co-fine of that 
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© Sois the Tangent of 231 gr. 
Toa number. 


Tf now you make the Radius of the Circlefirſt aſſumed, 
namely R A or AS tobea Decimall ſcale, and out of thar 
Decimall ſcale do cake this number, the ſame ſhall give the 
length of the Zodiac A in this figure, or A K inthe former. 
The diviſion of this Zodiac now ic is thus placedand limiced, 
muſt be done by the Tables and directions in the 4 and 5 Pa- 
ges. For An muſtbecaken as a Tangent of 2 3z er, or as 
rhe number 4348 ofa Decimall {calc of 10000 parts, 


Thus much for this kinde of Diall or a ſtreight line, 
both croſſely and evenly divided, 


'A..- DSS 2DS22 


© 
DEMONSTRATION 


of the former way. 


25 N Pee. 28, Note 5,there is mention made of Po- 
7@A lar plains or right Horizons , that inthem, the 
Ellipfis cloſeth up into a right line. Thar-righc 
lines here the line that we have to do withall,. 
Forxwe here fuppoſe alwayes that the Index poincerh up in» 
ro rhe Equinoctall Circle; and the Index we alwayes ſup- 
poſe tobea Zenich line, and therefore the Horizon proper 
 tothar index as a Zenith line, muſt nezds make right angles 


CZ 


r 5 2 


W 


o 4 - 28 
_ =. 


5 ot + . 
y 92s ant ky £, 08-205 CL 5 
« 3 G5 af 


be 


LHR SIE 4 2p prac 


15D 


\ 


Retlineal , or Diametral 


Tn 


—_ _ A ——O WI ——— — 


w.th the Equinotiall Circle, and muſt therefore be a right 
Horizon or Polar plain. _ 

When the Index is pitched in a true poſture, all rhe houre 
points of the Equinoctiall Circle muſt be ſuppoſed to have. 
lines iſſving from them all parallel to the Index. This is a ge- 
ncrail truth in rhe whole courle of the Ellipricall Dialling, 
W herefore, 

Firſt of all, Thelelines will (in this caſc) fall all upon the 
pain of the Equino&tiall , and becauſe the common fection 
of any two plains mult be a righr line, therefore it is thatall 
rheſc lines ſo iſſving, will fall upon one and the ſame ſtreighr 
line, namely, whenfoever the EquinoQiall meets with or 
cutsany othcrplain. Hence cones it to be Redilineal Horo- 
loziography, being performed upon a plain, 

Secondly, Becauſe they are all parallel to the Index,there- 
fore they muſtall be parallelro one another;and becauſe they 
come originally from a Circle, and are parallel, they will all 
alio keep diſtance one fro another as the Sines in aCircle do. 

T hirdiy, Becauſe the Index moves alwayes in a parallel 
poſition roit telfe, and would ſhew the houre upon the cir- 


_ culardiviſions of the Equinoctiall Cucle (ar all times of the 


year, that is, when this Equinoctiall is made to repreſent all 
other parallels of Declination) it muſt follow that the In- 
dex when(tne ſhadoiv of) it falleth upon any one ſuch point, 
1c muſt alſo fa]l upon the whole line that iſluerk through thar 
point. T he reaſon is, becauſe the line1s alwayes parallel ro the 
Index,rtherfore it it couch onc point it muſt ſhadow the whol. 

Fourthly, Hence will follow,that any line drawn uponthe 
plain.ot the Equinoctiall, croſſing thole forementioned pa- 
rallc] Jines, ſhall be 21inc of Sines(or a double line of Sincs, 
if you will rather exprefſe it properly) and if it paſſe through 


the center ol the Equinoztiall Cucle (where the Index alſo 


doth 


wo et 


—— I 
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doth alwayes pafle) then is ſucha line one of che Dials thar 
we here are todeal with. Becauſe every plainis raken for a 
oreat Circie cutting the EquinoQaall in thecenter. And the 
diviſions ot chis line(the Sinicall diviſions)muſt be the houre 
points, as is laid before, 

Now all that we haye hereto ſay is the making good of 
the former rules of limiting out an placing the houre liae, 
the Zodiacall line,and the Incex. It wetherctorc(in ill caſes) 
ſuppoſe the Indexto be a Zenith line, and chen an Hortzon- 
cal plain to be placed perpendicular ro ir, this plain muſt be the 

roper Horizon tothat Index (or Zenith line) and muſt (in 
theſe Caſes here hanaled)go through the Axis of the.world 
(a parc of which I muſt call rhe primary Zodiac) and will cur 
the Equinoctiall plain ina right linc placed perpendicularly 
ro the Index, which [ call the primary horizonrall line. 

And again, all thatis done in other plains (nor perpendi- 
cular tothe [ndex) muſt be imagined primarily (or original- 
ly) tobe deduced from this proper Horizoncall plain. 

_ Firſt rherctore, for the houre line, Itche Index lie in the 
proper Me1idian of the plain (as is ſuppoſed in the firſt of the 
former Cales) thEnthe Diameter of che Circle thar is at firſt 
aſſumed,ſerves forthe hourologicall line without any alrera- 
tion, becauſe the proper Horizon, and the plain upon which 
you work, do(both of chem) cut the EquinoGiall in one and 
the ſame line, which isrco be the horologicall line. And chere- 
forcin plain reafon,ſo much of the Equino@iall as the Indes 
is wryed from this proper Meridianot che plain, fo much of 
the ſame £quinoctiall mult che proper .Horizon be wrycd 


with it, and conſequently , ſo much will be between the 


properhorizonrail lineand the horologicall line of the plain, 
bur ſtill both cheſe lines will continue upon the ſame plain 
_ ofthe EquinoRtiall , and conſequently rkey muſt _ 


- 
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caſes be oneand the ſame line, namely that which is made 
by the proje&ion of the EquinoQiall Circle upon the plain, 
on'y ir muſt bz a2ng:nented according ro the proper horizon- 
tall lines departure from the fe&ion of the plain with the E- 
quinoRtiall, that is, according raithe wrying of the Index, as 
is plain enough by what is ſaid in the 142 Pag, And fo for 
thediviſion of thar line in the ſame Page. For G Gand ho, 
doborh lie in one and the ſame plain of rhe EquinoRiall:and 
all the projeQture muſt be made parallel rothe Index,whence 
h A is the ſecant (ro G A Radius)of R G or CL, the wry- 
ing of the Index. 

Then forthe Zodiac, youare ro deduce it from the Axis 
which is perpendicular co the Zenith line or Index: and from 
ſo much of it as conraineth the Tangear of 2 3; gr. to the 
Radius G A. Now though the Index do keep the proper 
Meridian of the plain, yet the Axis is clevated above the 
plain. And becauſe the projeure of that Tangent ot part 
of the Axis muſt be parallel ro the Index, therefore look 
whar elevation the Axis or Pole of the World hath, to ſuch 
a Secant of the Radius equallto the Tangent of 23; before 
mentioned muſt the Zodiac be extended. By which means 
the Index keeps the ſame fituation and diſtance from the E- 
quinotiall plainthar it would doif ir moved according to 
_ the properand primary Tangenrs upon the Axis, and no 0- 
tterwiſe. And ſodoth the tormer enlarging of the horolo- 
gicall line produce the like effe, namely, that the Index 
doth upon thar enlarged line ſhew the ſame houres that ic 
would do upon the proper horizontall line. 

Then for the Zodiac ro a wryed Index, it is both diſpla- 
cedand enlarged too, accordingas right lines drawn through 
the divifions of the Axis, and my to the Index, would 
makea projection of ir. According to which, there are three 
wayes given, 


The 


HorolLoOGIOGRAPHY. 


= _ A F equall co the Tangent of '2g; tothe 
Radius R A, to be Radius, and to thar Radius findes F H, 
and tothat again as Radius, findeH Z the Tangent of wry- 

ing, Andio A Z is the Semizodiacplacedand enlarged, 
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6. 
EF H Non , 
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The ſecond makes A Fas 
a Radius, and £0 irfindes F 
P the Sine; and AP the Co- 
fine of the Axis his elevari- 
on abovetheplain. And then - 


this line F Þ being perpen- 
dicular to the RE inde 
as the proper Zenith line of 

the plain. And becauſe we 
ae ro caſt all according to 
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thelying of the Iadex, therefore what reclination from the 
rlains proper Zenith, and declination from the plains proper 
Meridian the Index hath, the ſame muſt the projeRion (or 
projeaure) of the line F P haye. Thar is, we may ſuppoſe 
the Index, ora line paral.el to the Index (in his true poſture) 
10 paſſe through the point F, and then we are to inquire 
where it will {trike through the plain. Thar isro ſay, it muſt 
looke into the ſame Coalt that the Index doth,-and ſo the 
ansle Z P Q being made equall ro the declination of the In- 
dcx from A Q the proper Meridian line, and the line Þ 7 
drawn, it is certain enough that the projecture of the point B 
muſt be upon the lineP Z. And to know where , becaule 
F P Z is aright angle, and the fide F Pis known, with the 
angle IF M (equall to the reclination of the Index from- 
che plains Zenith line F M)or P F Z, Thetrcfore, | 


AsF P Radius, 
ToPZ the Tangent of the angle P FZ, 
Sois FP inthe former known length (found to A B Tas- 
gent of 23x g7.) 
ToP ZZ. 


Therefore Z is the point rerminating the extremity of the 


projeed Zodiac, and io A Z muſt be the Semizodiac, -ac- 
: cording to what was delivered inthe ſecond way Pdg.147. 
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HorortoacroGRAPHY. 
| Thethird way reſolves a Sphericall | 
retangled Triangle , made between A 


the proper Mcridian of the plainP A, 
the plain ir ſelfe A B, and the Meridi- 
anin whichthe Index lyecth, or into [ 
which ic pointeth, PB. In which 
three quantities are known. Þ A the | 
alcicude of the Pole abeve the plain. \ _ 
Theangle at A aright angle. And. . 1 
the angleat P equall ro che arke of the 
Equinoctiall or wrying of the Index from- the proper Meri- 
dian of the plain. And there is firſt required A B, 


AsrheRadiusP x, 
 _ TotheTangentof(ymw—=)P; 

So the Sinc'of P A, | 
To the Tangent of AB, =» A C, Pag. 147, 


Then ſecondly , the arke P Bis required , and thar ts 


wrought by the ſecond work, fag. 148, which in the ſecond. 


Figure Pag. 153, may be underſtood robe theangleF AZ, 


Then becauſe A F Z is a plain Triangle re&angled ac F, 


and the angleF A Zis now known, andthe fide A F(equalt 
 rothe Tangent of 23;) it will be required to finde Az in 
the ſameparts. Therefore inthe third work (Paz. 188) it 
"1s ſaid, | - 
As A F, Radivs, To AZ, Secant of FAZ, 
SO1S A Fin parts, (asa Tangent of 22:,) ToAT inthe 
ſameparts.. . 3 WT 123,200 


And ſothe Zodiac is both placed and limiced. 
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APPENDIX. 


== 1 hath bcen forwerly ſhewed(in the YIIT. 
TER) Section) how to make the Ellipricall Diall 
Z90| roany Index however placed, and toany. 
Fl Superficics flator. carved. That Dodtrine 
FR will thew howto projet this kinde of Re- 
Rilineall Diall (and the former Circular 
Diall too) onely I ſhall adde a word or ewo 
re ſhew that that way will produce a ſingle lincin this caſe, 
and ſucha line as muſtanſ{wer to a doubte line of Sines. 
11. Scethe6 and 7 Propofitions Pag. 95, 96. The firſt of 
themis to finde the Horizontall ſpaces. And in this caſe 
(becauſe the Index lookes alwayes up into the EquinoRiall 
Circle) the Latitude of the. Horizon proper to this Index 
linc, is nothing. Sothat, 


As the Sine of the Poles elevation, which-is nothing, 
Is to the Radius; | 
Soisthe Tangenr of each houre from:the: proper Meridian 
| of the Index, 
To the Tangent of an infinite length: [ For ſoir muſt be 
becauſe the firſtrerm is 00.) 


Which infinice Tangent is belonging ts go gr. therefore 
it will followrthar all the houresand-each of them are go gr. 
from the proper Meridianof the Index: thar is, that they 
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arcall coincident into one line, which is perpendicular to the 
- proper Mcridian of the Index. This ſhews that this Dial 

will be a ſingle line, and that by the former generall Do- 
- arine, Scatioa Y LI I. | 
2, Then for the ſccond thing, that ic will be a line of 
- Sines, or (thougha curved line, yet) to be thence deduced or 

divided, it will appear by the fevemth Propoſition Par. 96, 

Becauſe, 

As the Radius, | =” 

To the Co-finc of the Poles elevation; which here is the 
Racius ” 
So the Co-fine, &c. 
_ Totrhe ſame term again. 


For if the two firſt terms be the fame, then the two latter 
muſt be equalbroo, And ſince the third terms are a line of 
Sincs, the tourth terms (which ave ta divide the Diall line) 
being the ſame with. the chird, willbe alſo fuch as will mtke 
aline of Sincs. Sothis is made good likewiſe. 
 _ Andthere may other wayes be found to effeR this ſame 
thing upon-a. curved Superficies, As: firſt ro projet the E- 
quinoRiall line or ſeRion wich theuneven ſuperſicies, upon 
theſaid Superticies: and whenchatis done, to hy the edge 
of ſomcboardorruler, inthe Supzrficies of the Equinoft» 
all, wich-che Index lying in the plain-ob the Equino@iall, 
will (by the former EquinoGQiall. line. drawn): dire&-you-in,, 
and afterwards co:procecd anſwerably rothe nature of the 
Diall, 8&c.. But whatneed I ro mentionanyſueh thing thus: 
oblcurely. They,chat underſtand the former wayes will be 
 ableto invent many more, and ſol ce:ſe from. further rro1- 
bling my ſeife or the Reader, One Pcopolttion- more muſt: 
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here beadded, whichconducerh to this RedFilineal Horologi- 
o7rapby, namely: | ” 


c == . 
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How to lay a line that ſhall point up to any aſſigned 
place or point in the heavens, 


f Bis is uſcfull tor the laying of an Index to any conditi- 
on thar ſhall be required : namely, ſo as to cut through 
any jaſt houre, eirher in the Equinoctiall Circle, or any 0- 
ther Circle in the heavens, 

The tiiſt work muſt be to finde what Reclination and De- 
clination the ſaid point ſhall have in reſpe& of our own Ze- 
nith and Meridian. This is an cafie Sphericall work , and 
therefore I ſhall omic it. Only note, that the Reclination 
here mentioned is the diſtance of it from our Zenith; and 
the declinaiion is, what Azimuth from the Meridianthe ſaid 
point fals into. | | 

Thenext work is, hovy to lay or ſtretcha line to any given 
Declination and Reclination, The way that forthe pre- 
ſent I think on ſhall be this. | 

Firſt, Aſſigneany point from which you will have thar 
your line ſhall riſe, as at A, then by a perpendicular threed 
caſt a ſhadowthrough A,as C A, and draw therethrough 
an obſcure line: and having before drawn an horizontal 
linethrough A,asis B A, apply ſome plain board or paſt- 
board ro that Jine B A, and upon ir proje& with your eye 
the Verticall CA by your perpendicular threed (you need 

| | nor 
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notbe over curious ifholding your paſtboard level.) 


Afterwards, knowing whar Azimuth this is (waich you- 


may finde by taking the Suns altitude juſt when che ſhadow 
C A was drawn) you may upon your paſtboard ſer off(from 


it) your Azimurh- of the lines declination , ſuppoſe icto be 


AE. Then again applying your paſtboard to his former 


true. poſition, with your perpendicular threed , you may_ 


transfer (or projet) AE from the paſtboard to rhe plain : 
ſtippoſc one point of that transferred Azimurh were ac F,then 
draw theline A F, which is the ſcion of thar Azimuth 
(with the plain) in which Azimuth the Index or'ſtreighe 
line-muſt lic, | : 
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Therefore you muſt ſer up anerect ine or threed from ſome 
Foint of che line or Azimuth A F, (ſuppoſe trom F, and ler 


that line or threed be F G)and the ſame being fixed (orpro- 


jeed on [ome fixed thing) yau may rhen elevate your Sc. 


micircle and Ruler from A to the complement of the lines 
reclination (that is tothe lanes clcyatiunaboverhe Horizon) 
and where the Ruler cuts chrough, orpoints at the Azimuth 
F G, as ſuppoſe at H, rherc is the place or point through 
which theline mult be ſtrerched. Therefore AH repreſents 
this line thus ſituated, and a threed fo extended and fixed 
will beaguideby which you may lay your line, and fic ir to 
That poſture. — 


& If this be not done upon a plain Superficies, you 
cannot then drai A F, bur muſt proje& it by a perpen- 


dicular threed, and fodraw it according to that pro- 


jection or tract of therhreed. 


Other wayes may be added, bur this is enough. 
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Another Note concerning this Refilindab Horologiograpby, 
and Circalar too, 


T: the 69 page ic is ſaid chat it is not poſſible that the In- 
de 


x of an Elliptical Diall ſhould be parallel to the plain 


of the Dirll.>Which aflestion is moſt true of an Elipfis qua» 
renws proprie Ellipfis, Bur if we will grant that a ſixeight 
line is tac narroweſt of all Ellipſes(which-ro-affirmis impr: 

per) forit is rather one of the termes of an Ellipfis as a. Cir- 


cleis theorher, and termes of quantities cannoc be homoge- 
lay 


ncall to the quantities themſelves) then we may here 
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that in this caſe the Index may be parallel ro the horologi- 
call plain, | 

The ſumme is, That upon an EquinoQtiall plain (and not 

upon any ether)the Index may lie parallel to the plain, 
and (hew the houre upon a double line of Sines de- 
{cribed as formerly hath been'ſhewed. 

And toeffet this, you muſt firſt lay a plain every way 
an{werable to the Equinoiall Circle, which ro do is cafe, 
and hath (in ſumme) been ſhewed before. Upon ſuca aplain 
you muſt firſt ſer ſome ſolid body parallel to the Axis of the 
world, which body muſt ſerve to beare the Index, andalſo 

- forthe Index ro move upon, in a moſt juſt paralleliſme of 
the Axis, My meaning is, that what ever that ſupporter be, 
yet the motion of the Index muſt beſocontrived , tar the 

 faid Index doever keepeir (elfe ina juſt perpendiculariry to 
| the Axis of the world; that is, in a juſt paralleliſme with the 

Equinodtiall plain; and alwayes alſo ut 1s to be kept pointing 

ro one and the ſame Meridian Circle of the world, and this 

Metidianis to be ſome juſt houre Circle, to avoid thie croſſe 

diviſion of the Horologicall line, mentioned in the firſt, Caſe 
. of this Refilinedl Horologiography. 
The Index being thus firted both for Coaſt and motion, 
youare to bring down the Index cloſe to the plain. And 
upon the plain draw a right line perpendicular to the fid _ 
linc of the Index (which fiduciall line muſt be ſuppoſed noty 
tolie and move in a juſt houre Circle, as was before pre- 
ſcribed.) This line ſo drawn ſhall be the Horologicall line. 
' Letthisplain repretent an EquinoQiall plain, andlet A B be 
the ſupporter, A Che Index, D A Erthe Horglogicall line 
perpendicular to the Index AC, and ſuppoſe :A:C(upan 
the plain) robe any juſt houre,as 10 in theftorenoon.. - 
Then toany Radiusas A D, — Circle, and from 
IO Ac 
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roar C, divide your Circle; EE. 
1,2,3, &c,f0 Mall the row g, equal! parts, at II, 12? 


perpendicular Diameter DE  * 2294 upon thejuſ 
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For the honure points. 


You are here left to your choiſe to take which (of three 
wayes) you like beſt. Either, 

1. Theſe points in the Circle may ſerye for the houre 
points without any more draughts, and then this will be 
another Circ#/ar Diall, differing from thoſethar were hand- 
led before in Circular Dialling. 

2. The perpendicular Diameter D E may have the hours 
inſerted by drawiag lines from each pare of houres equally 
diſtant from D and E houre points of the Circle, parallel ro 
the Index C A, and fo you ſhall have the Diameter DE di- 
vided like a double line of Sines (unequally) at 12,11, 1, 2, 
3, and 10,9, 8, &c. 

3. You may likewiſe (if you allow not the two other 
wayecs) drawany line as F G, and by lines drawn through 
the houre points of the Circle, all parallel roche Index CA, 
the ſame line F G ſhall be divided as a double line of Sines, 
at 12,1, 2, &c. and 11, 10, 9, &c. and will ſhew thehoure 
_ astheother do, and the rwaextream parallels 4 F, and 4 G, 

ſhall limir che length of the line F G. 


(5 Upon this Circular way Note thus much.” 


That though the Index A C ſhould not lie upon a juſt . 
hours, bur otherwiſe accidentally , yer becauſe the houre 
points are upon @ Citcle, the houres will be diſtantfrom 
each other, ard nor breed rhar diſtraction in computing rthar 
was before norcd neccffarily to-fall apon-the ſtreighr hocols- 
gicall line. And ſo you arcletrar liberry- ro: ſer your Index 
how. you: will, only {o'as ever tolookeinto-oneand rhe'ſ:me 

> n- Y 2 Meri- 
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Meridian Circle. But you muſt then be carcfull ro place 
fome ene houre line true, ſoas to anſwerto ſome juſt houre 
circle in the heavens , which upon this Equinoctall plain 
(when rhe Axis is once truly placed) will be eafie. For if the 
Axis givea ſhadow, and you at the ſame inſtanttime (noting 
the ſhadow)doobſerve the houre , that ſhadow will repre- 
ſent the ſame houre. If therefore upon that ſhadow line (as 
a Diameter) you deſcribe a Circle, you may (from the inter- 
{cRions of the ſaid line, with the Circle) ſer off any one full 
aad juſt houre, and then from that juſt houre you may di- 
vide the Circleintothe 24 houres. This equall ſetting of 
the Index is allowable upon the Circle , but nor upon the 
rightlines D E or F G, tor in them there will be confufton 
of parts, which inthe Circle arediſtant. 

Note further, that you need not make rhe Center of the 
horologicall Circlcjuſt inthe point A, where the extremity 
of the Index which came down upon the plain , bur you 
may make it in any point where the Index A C will touch 
the plain, asat H, orin other like places. 


a 


Concerning the Zodiac. 


You mult account the Semidiameter D A of the horolo- 
eicall Qircleto be as Radius. And to thar length (and none 
other) you muſt make thelength of the Semizodiac AB up- 
onthe Axis to be the Tangent of 23 anda halfe, and by 
that Scale of Tangents you muſt put in rhe Sines or moneths 
as hath been often ſhewed before, And whercas I have 
hitherro ſaid thatthe Index muſt move upon the Axis, and 
agrectoa Zodiac thereon inſcribed, it muſt be underſtood 
thac in ſome ſenſe this is neceſſary, (but in ſome ſenſe not ſo. 
Asthus, The Index D A or D E, muſt alwaycs move per- 

pen- 
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AX the Axis. 

AC the Zodiac. 

A D the Index, 

AB another ſupporter 
differing fromthe Axis. 


pendicular to the Axis A X, Bur it is not tied to movye 
upon the Axis irſelfe, Ir may move according to any line 
that lies inthe ſame plain with the Index DE and the Axis 
A X, thats, it may moveaccording totheline A B, which 
we here ſuppoſe to. be in the ſame plain or Meridian with 
ADand A X. This condition is alwayes requiſice, and it 
mult ever keep one & the ſame angle with the 1ight lincAB, 
and ſuch an angle that may keepe 1calwayes perpendicular to 
the true Axis, that is, parallel ro the EquinoGiall plain. 
And this being obſerved, you may inſert the Zodizc upon 
the line A B, bur ic muſt be proportioned from the Axis 
A X,thus; As A C Radius, to AE the Secant of the an- 
gleCAE, fois AC the Tangentof 23 anda halte (in 
reſpec of the Radius of the horologicall Cirele,) roa fourth 
quantity; the length whereof gives A E. And now'rhis line 
AE muſt be eſteemed as a Tangent of 2 ; degrees and a half, 
and by it muſt the Semizodiac or halfe year be pur in, as 
hath been ſhewed: formerly. So this is done alſo, For the _ 
Index will move upon AE, according to the parts upon A 
C, asit is bound to do. Only note that theſe Dials upon 
the Equinotiall plains can ſerve bur halfea year uponone 
fidg,& therefore for the other half year you muſt do che like 
work upon the under fide of the EquinoRtiall plain. The: 
| work. 
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work 1 ſay iSlike withour any reall difference, and therefore 
there will need no moxe words conceraing It, 
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For - 
DEMONSTRATION 
of theſe things. 


RACE Herc needs nothing to be added more than what 
SY 49 hath formerly been done for ReQtilineal Dials, 
5 Fa For what is done there in the proper Horizon 
O&#wp-e (propertothe Index | mean) by a line of Sines, is 
here expreſſed by the line of Sines D A E, Pag. 162: only 
therc, allthe lines iſſuing from the EquinoGtiall houre points 
_ did meet with the proper Horizontal plain, and did thereon 
create a ſingle line of 180 Sines, and ſo the Equinodtiall 
Circle ſtanding towards the eye (being infinntely removed 
from it) edgewiſe is projeRted upon his own diameter,. and 
appears nothing elſe bur as a Diamecer (or ſtreighr line) to 
the eyc. Bur here the ſame forementioned parallel lines 
iſſuing trom the houre points of the Equinoiall Circle, and 
flowing our upon the plain of that Circle, do ſoappear in full 
view to the eye, becaufe the eye ſtands fo as fully to view 
the ſaid plain and nor looking edgewiſe upon it, When the 
| Plain ſtood edgerviſe tothe eye , the eye did projet it into 
the Diameter, but now we conceive the eye to ſtand only to 
looke what was effected upon the plain by the former Pro- 
jection, | 
- : And 
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And further. Looke what projection was formerly made 
(in this caſe of the Indexes pointing into the Equinodiall 
Circle) upon the Indexes proper Horizon,. and was there 
received by a ftreight line, the ſame is here done by drawing 
the Diameter D AE, Pag. 162, which line muſt be ſuppo- 
ſ:dro berhe common ſeRion of the Indexes proper Ho- 
rizon with the Equinoctiall plain. And ſo in cfte& both 
theſe Caſesare nothing different. 
| Then forthe line F G, theparts of ir, and the points of. 
the Circle, and the points of DE mult neceſſarily all fall in- 
. toone houre line, and a'l ſhew the true houre (whichſveyer 
of them you take for your Horologicall line) becauſe as the 
lines iſſuing from the houre points of the EquinoGiall arc 
all parallel one ro the other, andall againto the Index,there- 
fore if any part of the ſhadow of the Index do fall upon any 
rt of one of thoſe lines, the whok ſhadow muſt fall upon 
the whole line, and conſequently the correſpondent points 
upon DE and F Gandthe Circle, will all joyntſy, or cach 
of them ſeverally, give the houre of the day. Otherthings 


are plain enough, | 
of the paralieliſme of the Index and Plain. 


Ic muſt further benoted, that an Index may be madeto 
oint upinto the EquinoGiall Circle, and yer alſo be paral- 
el co any plain whatſoever, For every plain cuts the Equi- 

noctiall Circle fomwhere: Now if an Index be made ro 
lie in that common ſecion of theſe two Circles or plains, 
then will it lie paralle] both ro the EquiaoRtiall plain and ro 
the other plain, ard it may be made to move alwayes paral- 
lelto them both, if it be movedat righ: angles to any, line 
that ſha)l Rand perpendicular ro the ſaid common Section. 
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- Burfor allthis; chere can no ſuch Diall (as we have now 
ſpoken of) be made upon any other plain beſides the Equi- 
notiall. I ſay there can no paralleli{me of the Index to the 


plain be(in this kinde of Dialling)allowed, more than whar 


is ſaid may be done upon the EquinoQuall plain. 

For though the Index may be parallel ro the EquinoRial 
and plain both, yer the EquinoRiall ir ſelfe muſt make an- 
oles with all ſuch plains. And becauſe the Index is parallel 
rothe common Section, therefore all the houre points pro- 
zeaed by parallel lines tothe Index, muſt be upon the Equi- 
noQiall plain ir ſelfe,and muſt run parallel to theline of com- 
naon ſe&tion: that is, they will all run ſo, as neverto meet 
ſo muchas with the line of common ſection (which line is 
upon the EquinoQtiall plain) mueh lefſe ever ro meet with 
any parr of the plain ic ſelfe , which is every where diſtant 
more or leſſe from the Equinogiall, except Only in the line 


of common ſcion. So that there isno moreto be ſaid of 
this {ubjeR. - — 


ELLIPTICAL F 
Horologiography. 


SHEWING 


How upon any plain todraw an El/iptical 


Diall, to an Index ſer any way, by Sphericall 
(and nor Projective) work, 


6 K 


Invented and written by 


Me. SAMUEL FOSTER, 


Late profeſſor of Aſtronomie in 
Greſham-Colledge. 
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== Itherto we have had the whole 
34 buſineflc of E4ipriicel Horologies 
PA graphy, ſo faras that more can- 
| not ſcem to be thaught of, or re- 
Jury. Yet, Becauſe coany In- 
dex {ct either on purpoſe or caſu- 
ally , the hourcs hayc been (for- 
mcily) found que by Projection, 
&& jd Ithoughtfit berctroaddeanarther 
———- wy (buc for plains only) chat 
hall nar nced that projeaive manner of workiog., 

And lo the Frcklame will de this : 

How vp0n any pidin $0. draw an Ellipticall Diall, (s avs 
Index fet any oy , 4y Spherical (and not 

' Piigelze) work. 
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Elliptical 
The ſubſtance of whar I ſhall here ſay is moſt of it deli- 


ver:d before, oviy I muſt now ſhew whar Propolttions ace 
to bereterred hither, and how they mult be uſcd, 


Things that are pre-requiſite to thus work, 


7. You muſt know the ſituation of your plain, that is, 
what Declination and Reclination ir hath in reſpe& of your 
ewn Horizon. Thisisto be done the ordinary way, as inall 
plains 1 uſuall, 

2. You muſt know the Declination and Reclination. of 
your Index. Thar is, if the Index be ſet caſually you muſt 
then finde out the Declination and Reclination thereof, 
wc hich is ſhewed, Pag. 80. how it muſt be done, namely,by 
obſcrvation from the Sun, and cannor be otherwiſe perfor- 
med, Orit you chooſe a Longitude and Latitude wherein 
rolay your Index, then muſt you (by that Longitude and 

Laritude given) finde what Declination and Reclinationis. 
duc thereunto, in retpet of your own Horizon : and accor- 
ding tothis Declination and Reclination you are to lay your 
Index. Secthe Schemes Pag. 83,84, for by thoſe or the 
likeyouareto conceive of your Sphericall work in this kind 

3- Having thus found the fituation both of plain and Ing 
dex, in reſpect of your own Horizon, you muſt then finde 
whar firuationthe Index hath in reſpe& of the plain; that is, 
what Declination it hath from the proper Meridian of the 
plain, and what Reclination it hath from che Plains Zeoith, 
This Propoſition hath not been handled before, but muſtbe 
pur here in this place. 

Ler your own Horizon be N W SE, the Zenith Z, the 

Pole P, andlet A V Ebca dcclining reclining plain, whoſe 
Declinationand Reclination we now ſuppoſe to be known 


by 
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by former rules; that is the 
angle SZD (cquall ro 
the Declination) is known, 
and ZVorD T (cqualico 
the Reclination)is known. 
So that in the Triangle P 
Z T, thereis P Z (equal to 
the complement of ÞP N, 
the Poles altitude,) LT 
_ (equal ro the complement 
of Z V the Reclination,)& 
PZ T (cquall to thecom- 
plement of SZ T, the | 
plains Declination from the South:) therefore you may now 
| finde the three unknown quantities; namely, Þ T the com- 
| plement of the Poles cleyarion above the plain: and Z PT, - 
the diſtance of the plains Meridian from yours, which is the 
plains difference of Longitude: and laſtly, ZT P the di- 
ſtance of Þ T the plains proper Meridian from V Z T the 
Verricall line of the plain, Or which three ſoever you have, 
you may finde the other three. As having the difference 
of the plains Longitude, the angle P, with the plains Lati- 
tuderhe complement of P T: and P Z the complement of 
your own Latitude. You may finde all thereſt. And by- 
that means you may ſctaplaintoany Latitude and difference 
_ of Longitude, that is anſwering ro the Horizon of any 
known place in the world. 

The next work 1s to finde what ſituation an Index (ſer up 
uponthe plain) ſhall haye to the plain, and the fundamental * . 
lines thereon deſcribed, viz.the Verticall line, and proper 
Meridian. a | 

I ſuppole firſt , that the Declinationand Reclinarion of 

| the 
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triangle T Z X, thereare three things known. 
1 T Z the Complement of the Plains reclination in rc- 
ſpe of your Horizon, 
2 Z X thecomplement of the Indexes reclination in rc- 
ſpeR of your Horizon. 
| 3 Thirdly, the angle T Z X, which is the difference of 
f the ewo declinations, namely of the plain and of the Index. 
By thele all the reſt will be found, as namely, 
| 


1 T X, thereclination of the Index X from T rhe pole 
of the plain, which is called che proper reclination of the In- 
dex, 

2 Z T X,orV Y, or rather V M,which ſhews how much 
F* Subindicall the * Subindicall line lies from the Verticall line of the 

= #29 Hr * plain (in degrees of a Circle deſcribed upon the plain) aad 
Eplain which conſequently, becauſe Þ T Z was known before, theretore 
| - n= greed Þ T XK isnow alſo become known, which ſhewes the decli- 
Ang " nation of the * Subindicallline from the plains proper Me- 
Febc fubſtilar ridian, which may therefore becalled the proper declination 
$eothunder of the Index, 
Eancan perpen- 3 Theangle Z X T (if itbe of any uſe here) ſhews how 
gicularcly in much (in Azimuthal poſition) your Zenith, Z lies from T, 
| _ pak” the Zenith of the plain upon ther Hotizon whole Zeaith line 


the Horizon, is the ſame with the Index, which is therefore the proper 
_ _ Horizan tothe Index. 


"=O wa _ I , = ——_— 
HoroLoGIOGRAPHY. 


— 
oa 


—_ 
——_ 
—_—_ 


Or if you wonld ſet an Index fo as to fit it to any aſſiencd 
difference of Longitude, and 10 any aſſigned Latitude alſo, 
you mufi work thus. | | 


Er-X Þ S bethe afſigned difference of Longitude, and 
P X the complement of the Laticude, into both which 
the Index ſhall point up in X. Becauſethe plains difference 
of Longitude Z P T, ts known before, therefore the angle 
TP X is known. And Þ T the complement of the plains 
Latitude is alſo before known, Therefore in the triangle 
| T Þ X theſechree chiagsareknown, vie, Þ X,P T,and the 
interjacent angles TP X. By which three you may finde 
all che orher quantities: naniely, PT X, orB Y, the de- 
parture of che Subindicall linc trom the plains proper Me- 
ridian: T X the proper reclination of the Index X from T 
the pole of the plain, or the complement of ir(X Y) which 
1s the elevation of the Index above the plain juſt over (per- 
pendicularly over in reſpet of the plain) the Subindicall 
| line: with the angle PX T (if there were any ufe of it) 
which ſhewes how much the pole of the plain declines from- 
the proper Meridian of the Index. I ſay, it ſhewes this de- 
clination upon.that Horizon (whatever it ſhould be) which: 
- ſhallbe properly belonging or perpendicularly placed to the 
ſaid Index as the proper Zenith-line. 
Thus the ficuation of the Index'(whether caſually, or by 
eleRion ſet) is found to the true coafts of the-plain ir 1elf. 


—_——— 
u_ 


What TEwains t0-be done. : 
TH reſt of the work for making the Elliptical Diall ic 


{4f to che Indexaffigned, and for limiting and — 


_ the Index (in reſpe& of your own Horizon) is known by the 
former things already ſpoken of , and from thence you may 
gather whar is here required. Thus | 
Let the Index point up to X : andier Z X (the reclination 
from your Zenith) be known, and S Z X (the declingtion 
from your Meridian) be alſo known. Now therefore in the = 
triangle T Z X, thereare three things known. 
1 T Z the Complement of the Plains reclination in rc- 
ſpe of your Horizon, 
| . 2 ZX thecomplement of the Indexes reclination in rc- 
| ſpeR of your Horizon, 
I! 3 Thirdly, the angle T Z X, which is the difference of 
[1 the ewo declinations, namely of the plain and of the Indcx. 
; By theſe all the reft will be found; as namely, 
t_T X,thereclination of the Index X trom The pole 
: 1 - the plain, which is called che proper reclination of the In- 
EX o | 
| 2 Z T X,orV Y, orrather V M, which ſhews how much 
'* biadeall the * Subindicall line lies from the Verticall line of the 
Fine upon che Plain (in degrees of a Circle deſcribed upon the plain) and 
F plain which conſequently, becauſe Þ T Z was known before, therefore 
; _—_—__ P T X isnow alſo become known, which ſhewes the decli- 
WG ften as " nation of the * Subindicall line from the plains proper Me- 
ſFebe ſubRilar ridian, which may therefore becalled the proper declination 
eomunder ofthe Index, 
Eemean perpen- 3 Theangle Z X T (if itbe of any uſe here) ſhews how 
Feiculacly in much (in Azimuthal poſition) your Zenith, Z lies from T, 
| _ _pmige; the Zenith of the plain upon ther Hotizon whole Zeaith line 


Eihc Horizon, IS the ſame with the Index, which js therefore the proper 
j | Horizan tothe Index. 
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Gr if you wonld ſet an Index fe as to fit it 10 any aſfiencd 
difference of Longitude, and 10 any aſſignea Latitude alſo, 
you muſt work ths, | 


Er-X P S berthe afſigned difference of Longitude, and 
P X the complement of the Laticude, into both ' which 
the Index ſhall point up in X. Becauſe the plains difference - 
of Longitude Z P T, is known before, therefore the angle 
TP X is known. And P T the complement of the plains 
Latitude is alſo before known. Therefore in the triangle 
| T P X thefechree thiagsareknown, vie, Þ X,P T,and the 
interjacent angles T Þ X. By which three you may finde 
all che orher quantities: namely, P 7X, orB Y, the de- 
parture of che Subindicall line from the plains proper Me- 
ridian : T X the proper reclination of the Index X from T 
the pole of the plain, or the complement of ir(X Y) which 
is the elevationof the Indexabove the plain juſt over (per- 
- pendicularly over in reſpe& of the plain) the Subindicall 
| line: with the angle PX T (if there were any ufe of it) 
| which ſhewes how much the pole of the plain declines from 
the proper Meridian of the Index. 1 ſay, it ſhewes this de- 
clination upon.that Horizon (whatever it ſhould be) which: 
ſhallbe properly belonging or perpendicularly placed to the 
ſaid Index as the proper Zenith-line. 
Thus the ſicuation of the Index '(whether caſually, or by 
eleRion ſct) is found to the true coafts of the-plain ir 1clf. 


—_——— 


—— 


What remains 9 be dane. 
JT = reſt of the wotk for making the Elliptical Diall ic 
ſelf to the Indexaſſigned, and for limiting and dividing . 
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Elliptical 
Lhe Zodiacall Scale depends upon this one Rule. Namely, 
To prcject the houre points of the EquinoGiall, and the 
- Zodiacall Scale upon the Axis (which Zodiacall Scale upon 
the Axis it ſclf is made by the Tangents of 23 er. and an 
half,tothe Radius of that Sphere wherein you ſhall imagine 
. your Circles tobe) I ſay. To proje(all ſuch points) upon 
the plain, by lines paſſing through each one of them, andall 
_ and eachof the ſame lines robe drawn paralleltothe Index 
given. This is the ſumme of what is here now to bedone, 
and of what hath been done formerly quite through this 
Book. For all that is before effteRed upon any plain or cur- 
ved Svperficies, is nothing more then what I have now ſaid, | 
namely, a determining of the true places of every ſuch 
(houreand Zodiacall) point, as they ſhall be projeRed upon 
the Dialls Superficies, by lines going through them, and 
going parallel alſo to tie Index that isto give the houre, 
For fo, the EquinoQtiall Circle will very well ſupply every 
parallel of the Sun, the Index and horologicall line being 
rectified by the Zodiac in a true (ire one to the other, as hath 
been often mentioned before; Andthen the Index, caſting 
its ſhadow upon the houre point, either in the Equino- |” 
Qiall orin the parallel Circle, muſt alſo caſt it upon the 
whole projeQing line,which paſſerh thiough the hour point, 
(becauſe thar line is made alwayes parallel to the Index)and 
conſequently upon thartpoint of the houre, which (by rhe 
ſaid line) is carried to the Diall-Superficies. And lo for the 
poinrs of the Zodiac,they atealſo projected in ſuch manner, 
as that the Index moving in them (however they may ſeem 
ro ſtandawry and our of order) ſhall alwayes cut tne Axis 
of the World(if it were there placed)and cut it according 
; ro the Tangents of declination thereon expreſſed. And this 
2 3& will ſerve for a brief demonſtration of that work which is 
rim a0\w to come afterwards, -£© 
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- Inwhich We arc firſt ro bring down the houre points and 
Zodiacto the plain conſidered as an Horizon, and the pro. 
jeRion of thoſe points ro be made into an Elliplis , by lines 


all perpendicular to the ſaid plain, that is, parallel to the - 
plains proper Zenith line, Secondly, we ate to projet or 
tranſpoſe theſe firſt (both Roure and Zodiacall) points from 
rhe primary Ellipfis into a ſecondary Ellipfis, ſuch as the 
poſition of the true intended Index will require: And fo 
alſo the points of the Zodiac muſt be dealt withall, 


—_ 
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How to make an Elliptical Diall upon any 
Plain, to an Index perpendicular to the 
Plan, © 7 


He firſt work is done before, partly by Calculation, 
and partly by protraction, Pag. 25.26, but more 
fully and better, Propoſition 5, 6,7, Par. 92, 95,96, 
by which you make two Tables, one of Horizontal ſpaces, 
the otherof Altitudes. So thar I ſhall nor necd to ſay any 
more of it. By that work (I ſay) you may make two Tables 
which may ſerve to prick down the houre points, which 
pony you ſhall ſee to winde about the center 1n forine of an 
Ellipfis. 
_ is firſt requiſite that the prcper Meridian of the 
plain be rightly ſituated upon the plain (as is there alſo ex- 
reſſely required. And ir is again requiſite that the proper 
line otgherwo ſixes (proper I meanto the plain, conſidered 
as an Horizon by ir ſelfe)bealſo drawn: which line (as in all 
Horizontal Dials is uſuall) muſt be perpendicular (upon the 
plain) to the proper Meridian, _ the pointsalfo of the 
a two 


Elliptical 
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two fixes muſt be carefully ſeron, whoſe diſtance from the 
center is the longer Radins of the Ellipfis. The reaſon why 
theſe points of the proper Sines muſt be had, is, becauſe the. 
yew Ellipſts (which we now look for ) maſt paſſe through 
them both. So alſorhe juſt point of the proper 12 (or the 
ſe&ion of the Ellipſis with the plains proper Meridian) muſt 
be with the ſame care deſigned upon the plain. And the. 
Subindicall line muſt be drawn initstrue poſition upon the 
plain, according to rhe proper declination of the Index. 

2. Afcer this is done, you muſt call ro minde what the 
Declinatian and Reclination of your Index is (I ſpeak now 
of the proper Declinarion and Reclination before mentioned) 
as Pag. 172 15 mentioned. 

'3. Then from every houre point lately made upon the 
plain, you are to draw right lines, parallel to the ſubindicall 
line, and draw them both wayes or on both fides of cach 
koure point, becauſe you know not which of them (as yet) 
you are to make uſe of for the pricking down of your New 
or Diſtorted Ellipfis. | 

4. Take the larger Radius of your primary Ellipfis(thar is 
the length from the center of it, to the point of the proper 
fix a clock) and (upon the Secor, for that Inſtrument is 
moſt fit for this uſe or praRtiſe) entering it upon the Tan- 
gent of 45 degrees, open your' SeRor to that length : 
then rake oyer from the reclination of the Index (the proper 
reclination I now ſpeak of) counted on the ſame Scale of 
Tangents, to theotherleg, and reſervethis length. Thar is, 
Asthe Radius, to the Tangent of the proper reclination of 
the Index ; Soisthelarger Semidiameter of the primary El- 
lipſis, to. a fourth quantity, which is equall ro the Wrmer 


 * reſerved length, and to that large Semidiameter or Radius; 


isxhe Tangent ofthe Indexes proper Reclination, : 
| | 5: This: 
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5. This reſerved length muſt again be eatcred from go S if 
inthe line of Sines, and the Sector ſer according to i, and 
being ſo ſet it is fir forthe reſt of che work that is to enſue. 
Becauſcthis proportion weare to go upon: As the Radius, 
rothe Tangent of the Indexes properreclination (which rwo 
rerms arethey that now do ſctthe SeQor,) ſois the Sine of 
every altitude of the horary points in the EquinoQiill,(which 
alrirudes your Table of alticudes computed by the foremen- 
rioned Propofition, Pag. 96, 97, will help you unto,) ſo is 
the Sine of every (horary-<quinoRiall-points) altirude, ro 
the Tangent of the reclination of every one of thoſe ſeverall 
houre points of the EquinoRiall Circle. Note that the re- 
clinations here mentioned are, in reſpeRt,andfrom the proper 
Zenith line of theplain. And note alſo that theſe Tangents 
thus found, areto be cſtimated to the larger ſemidiamerer of 

 theprimary Ellipfis as to their proper Radius. 

6s By theſe Tangents ſo found, youarerto (cron the new 
hourepoints, by which both the new Ellipſis is to be deſcri- 
bcd and alſo divided. I fay the new houre points are to be 
ſer on upon the lines drawn through cach of the old houre- 
points parallel co the Subindicall line, and they are robe {ct 
on from each of the ſaid old houre points in thoſe lines. Bur 
which way, ot on which ſideof them, will be till doubted; 
as was before mentioned 3. And totake away this doubt, 
it will be beſt ro conſider the point of the proper 12 upon 
the primary Ellipfts, when the Sun is (any day) tn that pro- 
per x2 point of the heavens, then mnſt the upright (or pro- 

per Index of the plain) caſt its ſhadow into the proper 12 
point of the primary Ellipſis, Then further, ſuppoſing ttE 

Sun*to ſtand till chere, imagine how your ſlope Index 15 ro 
lie from che proper Incex, and by that you ſhall cafily difſ- 
ecrn which way the inclination of that Index will wry the 
Aa. Proper 
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propcr point of 12 from the primary Ellipfis, aud conſe 
quently you ſhall be able (thereby) to juIge upon which part 
of thac line which is drawn rhrough the point of proper x2 
(parallel co the ſubindicall line)che houre (of proper 1 2) ſhall 
be caſt into the ſecondary Elliplis from the primary, This 
poinc bcing ſet right, you may place all the houre points 
trom thar proper 12 to the two proper ſixes , the ſame way 
with this firſt point: bur all the other points on the remo- 
cer {ide of the proper x2, muſt gothe contrary way, as you 
will caſty perceive , the very figure of the Ellipfts will re- 
quire it ſhould ſobe. 
As hcre. R S is the Subindical line, over which the Index 
leaneth, — 
O the point of proper x2 upon P O Q rhe prima- 
ry Ellipfis. | | 
OA, 9B,8sC, &c. parallel lines through the 
— houre pointsin the primary Ellipfis, parallel I 
MJ ſay tothe Subindicall line R S. 
P Q the two proper fixes, through:-which alwayes 
_ thediftorced Ellipſis muſt paſſe. 
. - Thenbecauſe the Index leaneth from the upright Index 
(or Zenirh lincof the plain) rowards S, therefore the proper 
 12at Omuſtgo towards S, viz. to A: and therefore alſo 
9B,8C, &c. 11G, &c. muſt go the ſame way till you 
come to the ewo proper fixes at Þ and Q, and thenthe 
| hourepoints DE F muſt be ſet from 3 2 1, the contrary 
way to that wherein: the firſt houres were placed; as you 
may plainly fee the form of the new Ellipfis will require. 
- For ir cannot poſſibly be made to turn again from P rowards 
M, if ic muſt make upan Ellipſis, as inthis caſe ic is neceſſa- 
xy it ſhauld do. T3, 
Now all che Tangents before found ($ 5) arc the lines = 
10 H, 
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roH, 9B, 8C, 11 G, &c. cach ſet off from his proper 

houre point at O, A, B, C, and taken to its truc Radiys, «. 
namely, the Radius Þ R or R Q. Butif you work by: the _ 
SeQor (as is raught in the 5 h) the very lengths there found * 
ſhall be the quanticies hereto be {er off, namely, 10 H, 9B, 
8C, r1 G, 12 N, &c. without any more relation to the 
Radius PR, without any more rclation (I ſay) than what, 
was formerly done upon the work of the Seqory 5. The. © 
like may be done for halves and quarters of houres. And ſo - 
theſedireRions will be enough for pricking down the houre- - 
points this way. Foun 


- 
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Another way followeth. 
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A ſecond way to make the Ellipfis and boures 
zo 4 ſlope Index upon aplain: and without 
trouble of making that T able before men- 


Honed, 
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TE His way will be more expedite than the former, I 
[\ ſhall here ſuppoſe theſe particulars to be again 
a= done by the former precepts. 
SEW. 7x. That the plains proper MeridianRO, is 
rightly placed. 
2. ThatP R Qisdrawnperpendicular thereunto. 
3- Tharthe Subindicall line.R S is alſo rightly placed 
; , fromR oO theproper Meridian, 
CE: - j 4+ ThatR PorR Q being determined forthe Radius, 
,/ R OandR Karceach of themghe Sines of the plains pro- 
E \ pet Laticude. 
5. From the points Oand K (which are the two proper 
. * points of 12 to an Index ſtanding perpendiculatrly ro the 
| .-* plain) ler O AandK Lbedrawn parallclco R $ the Subin- 
1 — dicall line. | 
Þ: 6. Thentothe Radius R P, finde the Sine of the plains 
difference of. Longitude from your Metidian [becauſe I pur- 
poſe here to ſhew how to work all from your 12 a clock line, 
though there is no obligation co that houre, bur all may be 
done juſt in the ſame manner from any other houre poiar, if 
you account the plains difference of Longirude from ſome 
oneol them, which is cafic rodo: as if in this Example the 
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difference of Longitude from 12 be 36 gr. then from 11 it 
muſt be 2x gr. from 10 it muſt be 6 gr. from 1 aclock it 
muſt be 51 27. &c. toall or any ofthe other houres] which 
here for example ſake we will ſay tobe 36 gr. With thar 


Sineſet off R T, and draw T I parallel ro R O the proper 


Meridian. Then again to the Radius R O, findeourt the 
Co-ſine of the difference of Longirude, and ſer ir uponthe 
line TI,fromTrol. All this work is only to findethe 
point of 12 in the primary Ellipſis, as you ſeeit expreſſed in 
the former Figure at x2. The like work you muſt do to 
finde the point of one of the houres of ſix inthe primary El- 


lipfis, becauſe fix is gogy. from 12. [If you hadchoſen- 


the point of 11 to work by, you muſt have looke for the 
point of 5 a clock, becanfe rhat point isthe 90d gy. from 1x, 
if 20, then 4, &c.} Thatis, rothe Radins R O finde the 
Sine'of the difference of Longitude, and ſt it fremR to V, 
and then draw V X parallel to P R theline of the plains pro- 
per fix. Then tothe Radius R Þ finde the Co-line of the 
ſaid difference of Longitude. and fet it upon V X from V to 
X : So ſhall X be the point of yourown ſx aclock upon 
_ proper Ellipfis; as you may fceinthe Figure is expre(- 


parallel to the Subindical line © oned caleulated Tables, 
RS. | 

Then knowing the Alti- REAC - : 
tudes of your 12 and 6 hours Howto finde the altituaes of 
(by this Lemma) finde the your 12 and 6 houre poims 
Sines of rhem to the Radius (inthe Equinodtiall) above 
PR. Afterwards ſay, As the your Dial plain. As the 
Radjus,to the Tangent of the radius jiv0 the Sine of the: 


P : 


Now through theſe two If this way of finding the two points I and Xt 
ſeeme nor ſo expedite, you muſt remember thar' all* 


ints Iand X draw right lines the work here is done witheur the two fotremen 


Equi- 
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Equinottiall altitude above 
the plain, ſo & the co-ſine 


tude, tothe ſine of the alti- 
tude of 12. And ſo wthe 
fine of the difference of lon- 
gitude': 10 the altitude of fix 
abeve the plain. If you aſe 
other houres then 18 and 6, 
yet you muſt work in the ſame 


lement of the difference of 
ron m/s rel ference 
of Longitude it ſelf, andſo 
finde two conjugate Diame- 
8er5 inthe ſelf ſame manner. 


of the difference of longi-_ 


manner ftill, with the com- 


te. hd. <> Ate ttt 


reclination of the Index ;, fo 
theſe rwo Sines now found, to 
two other lengths. Theſe 
lengths ſer upon the parallc! 
lines lately drawn, cach to his 
proper houre, namely from x 
to 12,& from Xto6: ſo have 
you found the two points of x2 
and 6 in your new diſtorted 
Ellipfis that is to be deſcribed, 
And drawingR 12, andR 6, 
you ſhall have two conjugate 
Diameters, 12 R 12,and 6 R 
6, and then thereſt of the work 
will be cafic. 


—_— _ 
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For if you divideR 12 (both wayes)as a line of Sines (R e 
and R f being Sinesof 15 gr, Rd andR g Sines of 30 gr. 
&c,R 12 and R123 Sines of 90 gr.) at 4, b, C d,e, R,f,8 
þ, 1, k, you muſt then draw right lines through cach of thoſe 

- points(cach one parallel co the conjugate diameter 6 R 6.) 
And when thatis done, make R 6 a Radius, and to that Ra- 
dius make e7,e5, f 5, f 7, to be the Sine of 75 gr. or one 
houreunder 90. Make 48,44, 2 4, 28, the Sincof 60gr. 
or two houres lefle than go. Soc g, c3, is the Sine of rhree 
houres under go: 6 10, 62, of four houres under 90: 411, 
4 I, is the Sine of five houres under 90, or of one houre. The 
like you may do for halves and quarters, or what other parts 
you delirc. 

Thus much likewiſe for this ſecond way. 
 Alwayes you muſt remember to purall things upon their 

right Coalts. x 


\ A . $ 


Concerning the Zodiac, how it is ro be 
| limited and placed. 
'O omit other wayes, I ſhall here picch upon that which 
is moſt ſuitable ro this manner of working upon which 
we noware. To the RadiusP R (which is thelarger Semi- 
diameter of the primary Ellipfis) firſt, finde che Tangent of | 
| 23 degrees and a halfe; which ſuppoſe to be R Z : and then 
rothis line, being taken as anew Radius , finde the Co-ſine 
of the plains Laticude, or the Sine of the Equinoctials alti- 
rude, wiich ſuppoſetobe the length R W, whichis alſoro 
be ſer from the center R upon the proper Meridian of the 
_ plain, as hereitis from R to W. Then through the poinc 
-W, drawaline, as W Z, parallel om ſubinJical line R S. 
TE B 
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W hen thisis done you are to findethe Sine of the Poles elt- 
vation above the plain, to the ſame Radius R &, which Sine _ 
you may ſuppoſe to be the length of theline p 4. Then. 
jay again z Asthe Radius, ro the Tangent of che Indexes 
rechnation, ſo o 4 (the Sine of the Poles elevation aboye 
rhe plain) roa fourth line; which linclec be repreſented by - 
a + Takethis line  , therefore, and ſee ix upon W Z, 
the line formerly drawn, from W to Z, And laſtly , draw 
the-linc R Z>nd make R 5 equallto ir, ſoſhall Z y be the 
Zodiac in its true length and poſition: and R ZoftR y ſhall 
cive the halfe of it, which halfe is to be ftiifidted as a Tan- 
vent of 23 degrees anda halte, and ſo the Zodiac robe itt | 
on as hath formerly been often ſhewed, _ 

Youarc hee to rake carethar all chings be ſer itt their righe 
poſirtion.. In this example, Z turns free W towards the | 


Icft hand, becauſe it is here ſuppoſed that the Notth Poke is 
elevated upon the plain, and ſo the Axis riſeth our of Ra- 
bovethe plain: and thereforethat 23; tangent degree upon 
that Axis atc abovothe plain. From which extream point. 
of 233 abovethe plain, you may ſyppole a line to iſſue our 
parallel ro the Index, which inclines from R towards S, and 
thereforethat line inclining ſo to0, muſt project that extream 
point from W towards Z. All the reafonst the work de- 
pends upon thar which hath been formerly faid : Namely, 
that both houre points of the EquinoRiall, and declination 
points in the Axis, atc all projeed from their true poſitions 
inthe Sphere (uponor untoa plain) by right lines paſſty 
through cach ofthem, parafletto the aſſigned Index. I ſhalt 
* need to ſay no more, becauſe Ithink enough(ifnor roo mucl?). 
hath been ſaid already. 
This ſhall ſerve for the Effetion and Demonſtration alfo 
of this Propoktion or Probleme. 
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CORONIDIS LOGO: 

[ ſhall here further adde-:; 
How upon an Horigontal Plain, to deſcribe 
an Ellipticall Diall to an Index lying 


| aſlope, and pointing into ſome aſſigned 
 L ongitude and Latitude, 


LA His I ſhall adde as a Corollary to that which 
= ol hath laſt @f all been delivered in general for 
” AS] all Plains and Indexes. Out of which Do- 
1 \V; V Nas Arine this (as aparticular branch) is dedu- 

; 4:F/ ced, Ir containeth not any new thing, bur 
EGETTACS becaulc ic may be mare frequetttly made uſe 
af (inpractiſe) than other Caſes, therefote I addvyr, thar 
it may alſo be the more plain and eafic in operation. Ttis(for 


more caſe) intended that the Index thould } bÞ inro 
ſome juſt houre Circle, and to have ſome juſt degrdes FR e- 
clination from the Zenith of the Horizon. \# 


I purpoſe not to give varicty of wayes, for they axe ſhew- 
edinthe laſt precepts now given which arc geaerall, and 
may calily be broodhr and applyed to this patiicu'ar Cc, 
as a branch of that generall before, * 


7 Elliptical 


Suppoſe in our Horizon 51 gr, 30min. in Latitude, and 
co two Indexcs let upon an Horizonrall plain, the 
one pointing South-eaſt into the morning Circle of 
7 aclock , the other pointing Sourh-welt into the 
_ evening Circle of 5 aclock, and each of them re- 
clining 45 gr. it were required to make two Ellip- 
ricall Dials : How muſt they be done-? 


It muſt be noted that the making of one will make the 
other, becauſe they are tro be ſet upon one plain, and their 
differences of the Indexes Longitudes, is in each 5 houres, 
andthe reclination of the Index in each 45 degrees, Ont 
the Coaſts in reſpeRof ficuation mult be changed, becauſe 
thepoſitions of the Indexes are not parallel, bur contrary . 
one to the other, and ſo will the Elliples be, as you may 
ſee in thenext page. The firſt thing to be done, is, 

By having the difference of the Indexes Longirude(75 gr.) 
and the reclinarion of the Index (45 gr.) to finde 
what declination the Index mult have : Or to finde 
the declination of rhe ſubMdicall line from our Me- 
ridRn. | 


For ſolution you muſt re- 
ſolve the Sphericall Trian- 
ele PZT, whercin PZ is 
38g7.30min.L Tis 45 gr. 
ZPT is 75 gr. all theſcarc 
eiven: by theſe you may 
finde the declination now 
required, (for we fuppoſe 
the Index to point up into 
T) which is P Z T, North- , 

caſt, or North-weſt, And 
in 


If theſe two Ellipſes in thu poſution ſhould be inconvenient, inre- , * 
gard the two Indexes may oſ1bh imterfeer, you 74) change #h1 ir < 
places, and then thetws Inaexes will look one from the uuher. And ! | 
then alſo the Horizontall Dialt will beft fland on this fiat of them , 
for they will lie moſt op en on this ſide, thus : = 


—— 
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& Io icad of chis Horizontal Diall you may place the Circular Dial,p42. 2288 
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th thiieaſeÞ Z F will be 66 gY, 5 ie, Þ T will be 39 8: 
23min, $0 that the Latitude of the Index will be $0 py. 
37 min, | 
When this work is done; 
Draw AR B for the Meridian line of North and South, 
and 6 R 6 tor thelincof Eaſtand Weſt, croſſing cach o- 
therar R, which muſt be the center of the Diall, and draw 
the Subindicall line R S 60 gr. 5 min, from A R upon the 
right Coaſt, thatis, North-caſt inthe firſt plain, and North- 
weſt in the other plain. 
Then making 6 R for Radius, finde thereto the Sine of 
the Latituce of the place 51 gr. 30 min, which letbethe line 
R C, and (cr it upon the North part of rhe Meridian line 
AB (I callit the Meridian line becauſe it is the ſaid line upon 
the Horizontal plain whereupon theſe deſcriptions are now 
made) from the center R ro C. Then from the point C, 
draw C D parallc, andthe ſame way with R S the Sabindi- 
Call line. So ſhall C bethe point of 12 upon the primary 
Ellipfis which ſhould be drawn, if an Ellipricall Diall were 
tobe made upon the Horizontall plain tothe upright Index, 
Which isthe proper Zenithlineof the Horizontall plain. 

After this, to the ſame Radius R 6, finde the Co-line of 
your Laticude, or the Sine of the EquinoQials height, or ra- 
ther (in this particular work) the depth of it under the Hori- 
zon, which Sinclert be the line E F. Then ſay, 

As the Radius, is to the Tangent of 45 gr. the Indexes 
reclination, ſo isthe Sine E F, to a fourth; which fourch will 
be (in this Example) the ſame line with EF, becauſe the 
Tangent, of 45 (the Reclination)is the ſame length with the 
Radius, yet I will call it che fourth quantity. 

Take this fourrh quantity and ſer ir off upon the line C 

{ D, from C to D, ſo ſhall D give rhe point of 12 upon the 
7 | Giltorte _ 
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ning Index with which we have now to deal. Then draw 
(from R to D) the line R D, both wayes, as DR G is done, 
By theſe meanes we have now got two conjugate Dia- 
meters. And now the reſt of the work will be caſje, For 
you are onely to 
Dividethe Semidiameters R Dand R G (from R towards 
the extremities) each of them as aline of Sines. Thar is, 
R »», R 0, make the Sine of 1 hour or 15gr. SoR/J, Rp, 


the Sine of 30, or 2 hours: R &, Rq, the Sinc of 45 gr. or 
3 houres : R:7 rhe Hine-of 60 gy; or 4hotirs : Rh the Sine 


of 5 houres: R Dor R 12, the whole Sine or Sine of go 
F. ; 
Then through cach of ehieſe points ar b, #, #,/, m,R, o,9, 


4, draw a line patallel to the other conjugate Diameter, 


_nanely,ro 6R6 | | 

This done; take R 6a Radits, and to that Radius mzke 
w3,5,07,0 5 (each of rhemy) a Sine of 5 hours or 75 
_— Make 18, 14, p 4,p8,a Sitieof 4 hours or 60 gr. 

ketg,h3i #3;99, Ga of then & Sme of 7houres or 
45 gr: So 1 ro, 7x, muſt be the Sihe of 2 hotres : ahd 
h x1, h 1, the Sine of r houre or 15 gr; By this work 
you ſhall (upon the fortner parallel lines drawnihrobgh þ, 
i,h;1l;m;0;þ, q,Y finde the houre points of 3;4;5,6,7,8, 
9; rO, Ft I2,1, 2, 3; #, $,86/7;8:9; In which you are ro 
ſigneout the honre points, and through whith fol dre to. 
draw the Elipfis; as _ ſe&the figure for # pittern; 

Yoluntiight ao have divided cath of the RaArfſes, niy- 
re# wth ® 6 into'parts correponident toa Hine of Sints , as 
-yoliſtepartly d6ncat the lefrers 57's, inthe left of the two 
former” Sechranns) aSar 51 4 is exprefled; and: thiowsh' 
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thofe polnes you mult draw parall&s tothe other Diameter: 
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diſtorted Ellipfis, which is the 12 that fiterh with the recli- 
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When this work is done; 
Draw A R B for the Meridian line of North and South, 
and 6 R 6 for thelincof Eaſtand Weſt, croſſing cach o- 
ther art R, which muſt be the center of the Diall, and draw 
the Subindicall line R S 60 gr. 5 min, from A R upon the 
right Coaſt, thatis, North-caſt inthe firſt plain, and North- 
weſt in the other plain. 

* Then making 6 R for Radius, finde thereto the Sine of 
the Latituce of the place 51 gr. 3o min, which let bethe line 
R C, and (ct it upon the North part of rhe Meridian line 
AB (I callit the Meridian line becauſe it is the ſaid line upon 
the Horizontal plain whereupon theſe deſcriptions are now 
made) from thecenter R ro C., Then from the point C, 
draw C D parallel, and the ſame way with R S the Sabindi- 
Call linc. So ſhall C bethe point of 12 upon the primary 
Ellipfis which ſhould be drawn, if an Ellipricall Diall were 
robe made upon the Horizontall plain tothe upright Index, 

 whichisthe proper Zenithlineof rhe Horizontall plain. 

After this, to the ſame Radius R 6, finde the Co-line of 
your Latitude, or the Sine of the EquinoQials height, or ra- 
ther (in this particular work) the depth of ir under the Hori- 
zon, which Sinclet be the line E F, Thea ſay, 

As the Radius, is to the Tangent of 45 gr. the Indexes 
reclination; ſo is the Sine E F, to a fourth; which fourch will 
be (in this Example) the ſame line with E F, becauſe the 
Tangeng of 45 (the Reclination)1s the ſame length with the 
Radius, yet will call it the fourth quantity. 

Take this fourth quantity and ſer it off upon the line C 

D, from C to D, ſo ſhall D give rhe point of 12 upon the 
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_ diſtotted Ellipfis, which is the 12 thar fitreth with the recli- 
ning Index with which we have now to deal. Then draw 
(from R to D) the line R D, both wayes, as DR G is done. 
' By theſe micanes we have now got two conjugate Dia- 
merers. And now the reſt of the work will be cafie, For 
you are onely to 

Dividethe Semidiameters R Dand R G (from R towards 
the extremities) each of themt as aline of Sines: Thar is, 
R »», R 0, make the Sine of 1 hour or 15gr. SoRJ, Rp, 
the Sine of 3o, or 2 hours: R &k, Rq, the Sinc of 45 gr. or 
3 houres : R:z rhe Sine of 60 gy; or 4 hors : Rh the Sine 
of 5 houres: R Dor R 12, the whole Sine or Sine of go 

r; ; | 
Then through cach of eheſe pointsar h, i, f, /,m,R, o,9, 
q4, dtaw a line pataltel co the other conjugate Diameter, 
nanely,ro 6 R 6. 7 : 

This done; make 2 6a Radins, and to that Radius m2ke 
wh), 95.,07,05 (cath of thenyy a Sine of 5 hours or 75 
degrees. Make 18, 14; p 4,p8,a Sitieof 4 hors or 60 gy. 
Make# 9, 34 4 3,99, (each of them? a Sme of 3 houres or 
a5 gr: So # ro, iz; muſt be the Sine of 4 hoes : and 
h x1, h 1, the Sine of r houre or r5 gr; By this wotk 
you.thall (upon the fortaer parallel lines drawnrhrobgh 5, 
i,h,1;m,0;þ,9,) finde the houre | points of 3,4; 5, 6,78, 
9:10, H1,12,1, 2,3;4,5,6,/7;9:9; In which youarero 
ſigneout the hore points, and throtgh whith yon re to 
draw the Elipfis; as yott ſc&the figure for # pitttern, 

Yoluntiight affo have divided cach of the Radkifſes, niy- 
re& With & 6 intoparts correſpondent toa Hint of Sins , as 
-yol'ſtepairtly d6neat the IEfrers 57/4, inthe laff of the two 
former” Seheains) aSar 51 «is exprefiedy and: thiowh 
thofe polnes you mult draw paral{'s tothe orlier Diameter 
_ :_ DRGs 


at YE. 
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DR G. Then tothe Radius DR makes 7,55, the Sine 
of 15 g7.,0r 1hour: t 8,74, the Sinc of ;0g7.0r rwo hours: 
u 9, #3.the Sineof 45 gr. orz houres ; and ſo forward: by 
w hich work you ſhall finde the ſame houre points (3, 4, 5, 
6, 7, 8, 9, &c.) that you did before, and io you may tinde 
our and draw the Ellipfis by them. 

The ſame manner of work is to be performed for halves 
and quarters of the ſ{everall houres. 


» 
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How the Zodiac to be placed and limited. 


T is the ſame work with that which went before, Pag. 

85. yct I will here inſert it again. ; 

Firſt, work thus. As the Radius, isto the Tangent of 
23:27, SolctE F (which was formerly found to be che 
Sincof the EquinoRtals altitude above the Horizon 38 gr. 
30 mn, inreſpet of the Radius R 6, and muſt now again 
be here uſed) be to a fourth quantity, which ſuppoſe ro be 
F W. Take therefore that length F W, and ſer it fromR 
co X on the Notth fide (in this example : ) and through X. 
draw X y parallel ro the Subindicall lineR S. : 

Then ſay again. As the Radius, is co the Tangent of 
232r,and an half ; So let R C (which was before found 
ro berhe Sinc of the Laticude of the place 5 1gr. and an halt 
n reſpe& of the Radius R 6, and comes now to be here 
uſed again) be toa fourth quantity, which ſuppoſe to be F =. 
TakethereforeF £, and ſerir upon the line formerly drawn 
through X.from X, contrary to the going of the Subindical 
line, narfhely Southward (in this example) TI ſay from X toy, 

| Then from y through R, draw y R , and make R x equall 
to Ry, So ſhall y + bethe Zodiac both placed rightly and 


juſtly limited.” For 
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- For diviſion of ir, you mult conceivethar:R yor R « isa 
Tangent of 23 and an halt gr. the Suns greateſt declination, 
and conſequently you may by it ſer oneither 12 moneths, 
or 12 {ignes, as you will; the manner whereof hath been 
often ſhewed in this Book, and eſpecially Pag. 10,1r.and 
Pag.14,15, &c.lo that now all this work is come to anend.. 
"The Index muſt ſlide ro and fro upon the line y » (orthe 
Index ſtanding, the Ellipfis muſt move after rhe ſame rate) 
9 7 is the proper Mctidian of the Index. And if your work 
(when youmake this Diall, according tothis.calc here be- 
fore. put) be exactly true, you ſhall finde the'-Zodiacall line 
 J co fall juſt into the hourelines of 5 and 7, as they ought 
ro do, becauſe the difference of the Indexes Longitude was. 
aſſumed ro be 75 gr. from the South Meridian of the place, 

which is the ſame with thoſe houres. a. 
The figneS muſt be placed ar y, andy at « in this Diall- 
The Index mult lie (when it is in the Center R) juſt over - 
thelinc R S, and muſt alwaycs move ina parallel poſition to- 
irſelf, And itmuſt in this example recline 45 27. or riſe a- 
bove the Horizon (oraboveR S making an angle abovethar 
line 45 g7. alſo. But though it lie thus, yet ic muſt move 
in the line yr, and it muſt be ſo ſer on, that when you proje& * 
the fiducia}l edge of it into a point (as workmen ule ro do, 
when with their cc they rrie the ſtraightneſſe of a line) all 
thac edge may at once juſtly appear torun into the line y x, 
wherever the Index be {ct in the Zodiac, This is tobe done 

carefully, | 

 T have here ſet two of them, whoſe proper Meridians,, 
'(1 mean properto the Index, wiicn-are the lines of their 
Lodiacs, v!Z. y x) do not liein one and the ſame right line, 
or parallciilm (which is the ſamencfie of pofition) but make 
| anglcs one to the otner, This 1s Gone, becauſe they ſhould 
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not lic ia one Mcridian : for by that meanes they will al- 
mayes fer oncanother, which the Horizontal Diall with the 
ſingle Eltipfis roan upright Index will: not do at all times. 
Theſe two, I ſay, wilt fee themſelves: and if you agde a 
commoa Horizomall Dial! more, to ſtand berween them, 
as you fee donethere + they will be che more ſpecious and 
I have fer that whoſe Index looks North-caſt the 
left hard, you may ſeeir on theright handif you will, and 
the other on the left. For this makes no materialf change, 
The Index i$beſt to be achreed. Other ciecumftances I 
remembernonebur what the Yyorkman will be well abtero- 
£0 through. | FT: 
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Another way for tbe deſcription of an Ellips 
tical Dial upon the Horixontall plagnof 4, 


"Trdex as performed 
» thzPoxres of 7 inthe morning, and 
fs inthe afternoon , as the ſamebonres 
We drawn po the common Horigomal 


» 


on His way was formerly written, and chough 
WM icnetd not to hive been here placed, in rc- 
Up! ſpec rhe way lift piven is the beſt, yer be- 
cam(c it doth ſemwhnec differ from what was 
18.09 ſer down before, 1rhought beſt nor te 0- 
m—_— ji: becauſe ics dcljghittull to (ee diffe- 
con wiybemecrborhinowe effta. 
>, t» Pirſd, you aroto per ths way) the alrfeudes of each 
home botar weko Equitioadall, above che Horizon, by this 


. Asihe Revins, +0 the Sine of 58 pr, 30 wir. 
' Sovie Hines of 75 ;$0,z 5,30a5 g7. to fo many 4* Fines. 
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The Co-fines of theſe will limit our the points (upon the 
houres of the Horizontall Diall formerly drawn) through 
which the Elliptis upon the Horizontall plain (made for an 
upright index) is to paſſe: as is ſhewed before in the 28, 
29, 3o, and 31, Pages, which points in the figure ofthe nexc 
Page may be repreiented by 8,9, 10, 11, 12,1, 2, 3, &Cc. 


2. Asthe Radius, to the Tangent of the reclination of 
S=theiIndex ; E 85 
So arerſieqph Sigcs before found, ro ſo many 7% terms. 


3. Deſcribe the-revvlar Horizonrall Eſljpfis, as you ſce 
P O.Q: which you muſt know to be forthe Laticude of 
51 gr. 30m», andthat P Q arethe points ollaheayo fixcs, 
and © K the points of the rwotwelves, vis. at Ngenand 
Midnight: andalforhatall che houres are regularly (down 
toOPQK, &c. R211 . = 


| 4+ From each 
ſer down, draw li 
[lel ro the Subiridicall line 
gr. m.|R S,as0 A,8C, g Baie 
Recline Northwards 45 .00 [the angle O Rob it be 
Difftcrin Longir. = 75 00|60gr.5 min © 
ES 5. Upon theſclines, and 
bromEguently ir muſt. | om the foreſaid Ellipricall- 
Decline North ,., 60 oy | points (Northward tr6 the 
Have Notth Latitude 5o 37 | fixes rowards the North, 
| | Southward from the hours ; 
on the South ſide of rhe two ſixes) ſer onthe reſpetive gm, 
cerms : the firſt upon the line drawn from the point of 12, 
from. O to A: -the ſecond (proceeding from. 75 -in the 
former work) ſct from 11andi, toDandE: the third of * 


Suppoſe here an Index to 


thoſe \ |}. 
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thoſe 7th terms (proceeding from 60 in the former work) 
ſerfrom xoand 2, to Fand G, And ſo all the reſt in their 
orders, Thoſe from therwo fixes roward 12 at Noon, mult 
be ſer Northward from the points 9, 10, 11, 12, &c. And 
thoſe from the two fixes towards 12 atnight (whichia che 
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 Diall ſtands towardthe South) muſt be ſer Sourhwards, in 
this example where the reclination of the Index is toward 
che North : But if the ceclinarion had been towards the 
Sortth, it ſhouldthen be quire contrary. 

6. Through thefe new points BED AEG, &c. you 
are to draw a new Ellipfis, which will be diſtorted from the 
former Ellipfis firſt drawn. | 

Thus the Diall ir ſelfe for the houre points is limited, you 
may adde halves and quarters. 


—_—_—— .— "I 


For the Zotine. © 


FN this Example remember , that the Index=dectinerh 
North 60gr, 5 min. Reclineth 45 gr. Diffcyg F 


Longitude South Rf 75 gr. Hath Latitude 50 gr. 37 win. 


I. Becauſe the difference of Longitude is 75 ex"from 
the South, therefore our ewo houres of 7 in the mofffing, 
and 5 atevening, arethe proper Mcridians upon which the 
Indexes muſt ſlide. | 

2. Forthat cauſe you muſt confider how much of thoſe 
ewo Mcridians is intercepted between the EquinoRiall and 
our Hotizon. 'You may findeitby this Rule. 

As the Radius, is to the Sine of x5 gr. (the Conpl.of 95) 

Soisthe Tangent of 38 gr. 30 mir. tothe Tangent of 

11g7. 38 win. which is the arke required, 

3. Becauſethe Latitude of the Index is 50 gr. 37 mer. 
Notth, the complement of it muſt be 39 gr. 23 min. and ſo 
much under the EquinoQiall points of 7 and 5 (andupon 
the houre circles of 7 and 5, which aretheproper Meridi- 
anstothe two Indexes) doth the proper Horizon of _ 
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of thofe Indexcs cue the ſaid houres of 7and 5 uponthe 
South-caſt and Sourh-weſt ; and fo much do they cur the 
{ame Mcridiansabove the EquinoRiall upon the South-weſt 
and Sonth-eaſt. So that upon the Sourherly Coaſt, char 
portion of theſe Meridians which is comprehended berween 
ee EquineQiall and our Horizon, namely 11 gr. 38 wiv. 
cauſt be taken from 3 9 gr. 2 3 wn. and the remainder will be 
27 £7. 45 mis. which is the arke comprehended between 
the oper Horizon of the Index and our own Horizon, 
whiet.upon-the South part (in this particular Example) is 
below our Horizon, onthe North part above. | 

4- Furſt, cherfforc the limitation of the Semi-Zodiacs 
tength muſt be @ char Lacitude of che Index or poop Ho- 
rizon'5Ogy. 37 min. And then ſecondly , the (a 


id Zodiac 
firſt found and limited muſt be augmented (inthis Example) 
in proportion of the Radius to the Secant of 27 gr. 45 min, 
Inthis manner, by che ſecond rule given art the beginning 
of thisRook Peg. 11. Tothe Radius PR findethe Co- 
fine ofthe Latitude of the Index, namely the Sine of 39 gr. 
 23.m9n. which ſuppoſerobeNT. _ 

To this length N T asa Radius, finde out the Secant of 
the forementioned arke 27 gr. 45 min. which ſuppole robe 
NV. 
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This length N V ſhall givethe Radius or Tangent of 45 | 


er. which is the Tangent or Dccimall Scale, our of which 
(cirher of them) you are ro make your Zodiac by the num- 
bers of thoſe Tables inthe 6and 7 Pages. 

To this Radius or Decimall Scale , or Tangem of 45 gr. 
N W isthe Tangent of 23 gr. anda halte , wheretorethe 
Semizodiac, R L or R Mis to be made cquall in length to 
| IN W. Thus the Zodiacs lengrthis limited. 
} Forthepoſition ofthe Zodiac , it was before (aid, t 
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_ Elliptical 


- muſt lic inthe line of 7 in the moraing , or 5 in the aftcr- 


noon. So in this laſt figure you ſceir points to Z, which 
is 7 in the morning, (and conſcquentlyalioto X, which is 
7 in the evening) in the diſtorted Ellipfts: becauſe -this is 
that Diall whoſe Index looks North-caſt: you ſee it do ſo 
likewiſcin the firſt figure Pag. 189, as in the ſecond figure 
there it lies to 5 in the eveniag, and conſequently alſoto 5 


in the morning. 


__ Obſerve inthelaſt figure (which is as true and juſt in the 
two other Pag, 189.) that the angle PR Z, andſoQR X, 
is cquall ro the angle made (upon our common Horizontal 
Diall) between 6 and 7 a clock, namely, -1$gr. 5 4 min. 
and conſequently that 1R x (a lice drawn from x cor in 
the primary Ellipſis) is pe:pendicular to the Zodiac LM: 


bur PRC isnorcqualltorheangle thereon between 6 and 


$a clock ;nor is it ſo inany other of the houres. 
Obſerve again, that ifa line be drawn parallel ro O K, 
through A the point of 12 in the diſtorted Elliphs , till ic 
meet with the Zodiac (cxtcended)at y, oblcrve(I fay) that 
if R M be taken as a Tangent of 23; gr. (as it is taken in 
this work) then will R y be the Tangent of (the comple- 
ment of your Latitude, namely) 38 gr. 30min, And this 
mult be ſo, becauſe if rhe Sun ſhould decline 38 gr, 30 min. 
gouthward, then the Sun muſt only peep up upon the Ho- 
rizon at 12, 8nd conſequently the ſhadow of the Index 
(namely the point of ic that interſes with your Horizon, 
for che Sun hath no alticude at that place and time) muſt run 

full from South to North co ſhew the point of x2 ar A. 
. Other obſervations might be made, bur [ go no further. 
'The reaſon of the precedent work will be demonſtrated 
our of rhe former things delivered in this Book: eſpeciaily 
our of this laſt Treatiſe, which begins Paz. 171, and ends 
» ; t Paz. I 85. 
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Pag. 18 6. And therefore I wholly omit to adde any thing 


% 


more to this particular ſubje&, P L- 
They that underſtand the things before. will not be to 
ſecke inthe neceſſary Demonſtrations of theſe particulars. 


SYS © <Y8 $ oY Fe $25 $ oY fo © oY 


A Note concerning the framing of Dials to 


finde tbe Azimuth. p 


Iz StheAxIs of the world is to the EquinoRial Cir- 
oo &XE. cle ſo is the Zenith line ro the Horizon of any 
> Whenceit will follow : That whatſoever is 
.in this Book declared concerning the projeRion of the houre 
points of the EquinoGtiall, Circle upon any plain, 8c: the 
lame may be applied to the projetion of Azimuths or 
pointsof rhe Horizon upon any plain, &c. Onely mutatis 
mutanas, (.e.) inſtead of the EquinoRiall and Poles of the 
World, youarcto uſe the Horizonand the Poles of it, (:.e.} 
Zenith and N adir, ; 

Then for the Zodiac (which depends upon the Scale or 
Tangents of Declination, which exceed nor 23 and a half 
gr. youareto uſe (in the Azimuthal work)a Scale of Tan- 
gents (rightly limired) going up from oo to ſo much alti- 
rude as you mean to uſe (it it be for the Suns courſe, to 62 
gr, here at London.) 

As there you retifie the Index tothe Declination of the 
Sun : So here you muſt (anſ\verably) reific it tothe Suns 
alticude raken by obſervation, and then the Index being ſet 

Du CO 


201 } 


# 202 


Elipncal _ 


ro the alcitude gives the Azimuth for rhat moment and no 
more. | 


COROLLARY, 


Therefore, to finde the Azimuth by this way, you muſt take 
' the Suns Altitude, and fo finde the Azimmh for one 
moment onely.. 


: weſt. Bur why is there ſo lictle ſaid here of this 2 


Anſw, Becauſeit is a thing of noufe, bur of a great deal 


_ of trouble: for the altirude is to be obſerved, and the In- 


dex ſer thereto every moment, | | 

weſt. Ts it not ſotoo inthe Dials before deſcribed £ 

Anſw. No; forthere the Index ſet once, tnay ſerve in 
that place one whole day very well, becauſe the Suns decli- 
nation doth nor alter much in one day. 

9uveſt. Why thenis this Azimuthal buſinefſe mentioned 
at all * 

Anſw. "Becauſe the Reader might ſee, that the Authour 
of this Treatiſe was not ignorant of it : yet it is mentioned 
alſo that if any delight in ſuch a curiofiry he may to his li- 


 kingeftectir, 


© And for a full concluſton note, that, All the former 
Dials may be made in a Craticular way. 


FINIS. 


Of the Chief 


PARTICULARS: 


= S Þ the Elliptical Diall, with an In- 
J: dex perpendicular to the plain. 


Upon an Horizontall, or any other dire lets, 
ſee from Page 8 to page 22 
Upon a declining plain, from 22 0 29 
Another way toprick down and divide the Ellipſis, 29 10 34 
Some nſes and varieties of this Elliptical Dial, 34 to 37 


Some wvaricties of the ſirutturs of it, 37 tO 47 
An Advertiſement concerning ſome other uſes of the laſt £ 
ſcription, | 47 0 53 

A demonſtration of whayoewes went before, 53 tO 69 
Dd FRI Of 


Elliptical &*c. 


of the Elliptical Diall with an Tndex fon 
ing in the Lenitb-line. 
yt 


3 


pon any plain, or other curved Supeificies his 


jection, from 'Pag&&59-'ro Ro. 
To any Superticies, __ z0 41 Index cafualy fer: dont -alfo'by- 
projettion, 0 =o EBorot ts 
A demonſtration of all IIz tO1ls 


Circular Horologiopraphie , performed and 


demonſtrated, 115 to 133 z 
 Re&ilineal Horologiographby, bow done, and 

demonſtrated, _ 133 to uſo- 
Elliptical Horologtograpby, - 1697 


{pon all plain (not curved) Superficies to an Index ( caſually, | 
or by elettion ). placed any way : performed by Spherical ope- 
rations, (not by projection, and demonſtrated, 169 tO 201 
A Note concerning Azimuths how they may be found by ſuch 
kinde of Dials made in Analveie tothe former, 2Q1 
All the former works may be craticularly performed, © 202. 
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Courteons Reader, be pleaſed to take notice 0 
theſe Books following, which arc very uſefull and neceſſary 
for all Merchants, Tradeſmen, Accomptants, they areſoldby 
Nicholas Bourn at the South entrance of the Royall Ex- 
change. gs = 


NtroduQion;ta Mcrchants_Accompts, compiled by 
\  —  Fohn Golings, Student in the Marthematicks, and Prc-- 
feſſour of-Merchants Accomprs. : 
tt, or Tables for the forberrance ant 
|  diſcomprs of money ; likewiſe Tables for the torbearance, 
_ _ diſcotnptand purchaſe ot Annuities ro 31 years, at the rate” 
of 6 per Centum, per Annum, Calculatedby Roger Clavell, 
Gent. Student in the Mathematicks. 

_ Manuel of Millions or Accompts ready caſt up, whereby 
you may both ſudcenly and truly know the value of any 
Commoditic at any price whatſoever: tÞe ſecond Edition: 

to which is aded a {econd Part of very great ule, by Richard. 
Hoa'zetts. _ 
Poſthuma Foſteri, the deſcription of a Ruler, upon which 
1s :1n{cribed divers Scales, and the uſes thereof, with divers 
Propoſitions in Aſtronomic, Navigation and, Dialling, with- 
the delineating ot Horizontal Dtalls, by Samuel Fojter, luc. 
Profeſſour of Aſtronomir in Greſham- Collecge, . 
Theſe following are Books of other ſorts - 
Bread for the poor, an Advancement of the Engliſh Na- 
tion; promiſed by the Incloſureof the Waſtes and Com- 
mon grouncs of En2/ana, by Adam Moore, Gent, 
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Bills of Lading in all- Languages, for ſhipping forth of 
' Merchantsgoods toll Countreys of Trading. 
Indentures for Yirginia, Bermoodas, New-England, and 
all! other new Plantations. - kD 
A Confutation of Atrhiſme, by Dr. Dove. 

Fiſhop Downarre, on the Lords prayer. __ 
Popular Errours in Phyfick, by Dr. Primroſe. 
Sweediſh Wars compleat in four Volumns, 4*. 
"Youths Guide, or the Fathers Legacie to his Son. 

Dr. Preſiox, of Faith and Love. 


Merchants Mirrour, or Dixons forghe perfet Book- 
ing or Surveying of Eben ed by% may of De- 


} 
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biror and Creditor, after the ſotermed Italia manner, and 
Compiled by Richard Dafforne, of London Accomptant. 


Cetrain Sermons, preached by Dr. Preſton at Cambridge 
and London upon theſe Texts following, 2* rothe Chronicles 
7,14. 5 of the Epheſians, 32. andthes tothe Epheſians, 
223,23, 24+ Called the Golden Sceptet, 4*. DE. 

Dr. Feaily, Handmaid to Deyorion. 


(Surgions Mate, by Mr, e0d#, Folio, 


